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GENERAL INTRODUCTION 
White-tailed deer (Odocoileus virgin!anus) have been the 
subject of more research studies than any other North American 
big game mammal, yet it has been only recently that biologists 
have begun to examine the ecology of fawns less than 9 months 
old. Most ecological studies of young fawns were conducted in 
the semiarid West (Knowlton 1964; Bolte et al. 1970; Samuel 
and Glazener 1970; Cook et al. 1971; Jackson et al. 1972; 
Logan 1972; White et al. 1972; Beasom 1974; Garner et al. 
1976; Carroll and Brown 1977; Bartush and Lewis 1978, 1981; 
Garner et al. 1979; Stout 1982) possibly because the open 
habitat favors the capture and marking of fawns. The greater 
difficulty of locating young fawns for capture and marking in 
woodland habitats resulted in studies of artificially dense 
deer populations in refuges or enclosures (McGinnes and 
Downing 1969, Lund 1975, Cartwright and Rogers 1977, O'Pezio 
1978, Ozoga et al. 1982, Schulz 1982). Results from such 
studies are likely to be biased because these herds may not 
represent natural populations. Mother-infant relations may be 
greatly affected by the population density found in many 
enclosures and refuges and survival among fawns of subordinate 
dams may be reduced (Ozoga et al. 1982). Under most refuge or 
enclosure situations, however, fawn survival rates are likely 
to be artificially increased because the deer herds are 
oftentimes supplementally fed and predators are often 
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controlled or excluded. 
Modern deer management requires accurate knowledge of 
fawn behavior and mortality patterns from birth to recruitment 
into the huntable population, but the selection of study sites 
was often determined by where the researcher could expect to 
find the greatest number of fawns. Fawns have been located 
for capture by (1) systematic foot or horseback searches of 
likely habitat during the estimated fawning peak (Bolte et al. 
1970, Logan 1972, Lund 1975, Schulz 1982), (2) observations of 
nursing does (Downing and McGinnes 1959, White et al. 1972, 
Garner et al. 1976, Bartush and Lewis 1978), (3) the expulsion 
of vaginally placed transmitters (Giessman and Dalton 1981, 
1982; Temple 1981), and (4) tape-recorded fawn distress calls 
(Arthur et al. 1978). These methods are generally not 
well-adapted to woodland habitat with typical deer densities 
because they are inefficient when fawn densities are not great 
and in areas where does are difficult to see. Primary 
consideration for this study was given to selecting a study 
site that represented the typical farmland-woodland habitats 
and deer densities (1.1-2.l/km^) of south-central Iowa. This 
choice of study site necessitated development of a new method 
for locating fawns for capture. 
One of the primary objectives of this study was to 
determine the causes and rates of fawn mortality from 
parturition to 180 days postpartum. Fawn mortality rates must 
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be known to accurately manage herd size, and mortality factors 
must be identified to determine management practices, if any, 
that could be used to modify those mortality rates. 
Studies were conducted to determine white-tailed deer 
fawn mortality patterns in Texas and Oklahoma (Bolte et al. 
1970, Cook et al. 1971, Logan 1972, White et al. 1972, Beasom 
1974, Garner et al. 1975, Carroll and Brown 1977, Bartush and 
Lewis 1981, Stout 1982), but, with few exceptions (Bryan 1980; 
Giessman and Dalton 1981, 1982), eastern and midwestern 
research dealt with high-density herds in refuges or 
enclosures (McGinnes and Downing 1959, Lund 1975, Cartwright 
and Rogers 1977, O'Pezio 1978, Ozoga et al. 1982, Schulz 
1982). Fawn mortality in excess of 50% within 90 days 
postpartum was commonly reported in western studies, and with 
few exceptions (Bolte et al. 1970, Logan 1972), 50% or more of 
the losses were caused by coyote (Canis latrans) prédation. 
Estimates of eastern and midwestern fawn mortality generally 
were much less than those reported in Texas and Oklahoma, but 
most studies were artificial because of the absence of 
prédation. Bryan (1980) and Giessman and Dalton (1981, 1982) 
found that the percentage of fawn deaths caused by prédation 
in Missouri was similar to that found in western studies, but 
that total mortality rates were generally less. 
A study of Iowa fawn mortality was necessary because 
increased fawn mortality was thought to be a factor in recent 
declines in the fawn:doe ratio in the Iowa deer harvest (H. L. 
Gladfelter, Iowa Conserv. Comm., pers. commun.). During the 
any-sex deer hunting seasons of 1952-72, fawns per 100 does in 
the harvest ranged from 151 to 180, indicative of high 
reproductive rates and fawn survival. Following a change in 
1973 from any-sex deer seasons to a statewide modified 
bucks-only season that allowed only 25% of the hunters an 
any-sex license, the fawns :100-doe ratio from deer harvested 
by any-sex licensed hunters declined to about 94 by 1977 and 
has remained at this level since. Several possible reasons 
for this, including changes in selectivity by any-sex licensed 
hunters and a reduction in doe reproductive potential, were 
examined prior to this study by Iowa Conservation Commission 
personnel, and from preliminary analysis of their data, they 
concluded that neither factor was important. Results from 
this fawn study will be useful to determine the recruitment of 
fawns into the huntable population in Iowa, and may be 
applicable to midwestern farmland deer in general. 
Another major objective of this study was to quantify dam 
and fawn behavior and to determine whether these behaviors are 
a response to keep the fawn's location hidden from predators, 
such as coyotes, that search visually. Prédation of young 
fawns is often the proximate factor responsible for regulating 
ungulate populations, therefore it is likely that dam-infant 
behaviors have been influenced to a major extent by prédation 
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(Leuthold 1967, Lent 1974, Estes and Estes 1979). 
Walther (1954) classified infant ungulates as either 
"abliegen-typ" (lying-out or hiding t^^pe) or "nachfolgen-typ" 
(following-after type) based on mother-infant behavior between 
the brief period of intense contact immediately postpartum and 
the period of the infant's full integration into the dam's 
preparturition activity pattern. Hiding behavior is nearly 
universal among the Cervidae, and perhaps is most developed in 
the white-tailed deer. Lent (1974) stressed that the hiding 
strategy's success depends on coordinated behavior between 
infant and dam; the infant must choose "appropriate" resting 
sites and activity_patterns, and the dam must allow the infant-
to move away, remember its location, and remain a "desirable" 
distance away. Although numerous examples of successful 
offspring defense by the dam against predator attack have been 
cited, including Michael (1957) and Litvaitis and Bartush 
(1980) in white-tailed deer, perhaps even more important are 
the dam's indirect efforts to keep secret her hidden fawn's 
location from predators (Altmann 1963, Walther 1965, Graf and 
Nichols 1967, Pratt and Anderson 1979). 
Few studies have been conducted to examine the distance 
and movement relationships between dams and their fawns and 
fewer have analyzed the fawn's selection of bedsites; data 
from both areas of study have been mostly descriptive in 
nature. Observations of mother-infant relations immediately 
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pre- and post-partum were reported for penned (Haugen and 
Davenport 1950, Severinghaus and Cheaturn 1955, Haugen and 
Speake 1957, Townsend and Bailey 1975) and wild (Michael 1964) 
white-tailed deer, and limited data on postpartum relations 
were reported by Cook et al. (1957), Hawkins and Klimstra 
(1970), White et al. (1972), Bartush and Lewis (1978), and 
Ozoga et al. (1982). None of these studies have reported 
aspects of nighttime behavior and only Hawkins and Klimstra 
(1970) presented data from surveillance of unpenned family 
groups after 70 days. 
Fawn activity patterns have been reported by Jackson et 
al. (1972) in south Texas from data collected with activity 
recorders. Because fawns were not radio-located and their 
dams were not monitored, no data were presented on fawn 
movements or the relation of the dam to the fawn's activity. 
Fawn bedsite habitat has been described by Kjos and 
Montgomery (1959) in Illinois and Garner et al. (1979) in 
southwestern Oklahoma, but no attempts were made to determine 
whether bedsite selection was random or what factors 
influenced the fawn's bedsite choice. Results from this 
study, therefore, provide previously unreported behavioral 
data that enhance understanding of the hiding strategy in 
white-tailed deer. 
Explanation of Dissertation Format 
This dissertation, written in the alternate thesis 
format, is composed of four manuscripts in the style 
acceptable to The Journal of Wildlife Management. These 
manuscripts are presented as chapters and each is complete in 
itself without supporting materials. Additional materials of 
interest are included in an Appendix. The manuscript entitled 
"Use of doe behavior to capture white-tailed deer fawns" 
describes the method developed to capture fawns in 
south-central Iowa and compares the method's use to other 
methods currently used. The manuscript entitled "Mortality of 
white-tailed deer fawns in south-central Iowa" describes the 
causes and rates of fawn mortality from birth to 180 days 
postpartum and compares these results to the results of 
similar studies in other regions. The manuscript entitled 
"Mother-infant relations in white-tailed deer" describes the 
spatial and movement relations between dams and their fawns 
from about 14 to 180 days postpartum, examines each behavioral 
trait's possible function in favoring fawn survival from 
prédation, and compares results to other ungulate species that 
hide their young. The fourth manuscript, entitled "Bedsite 
selection by white-tailed deer fawns" describes habitat 
factors surrounding fawn bedsites which are associated with 
choice of bedsites by fawns. Data presented in all 
manuscripts represent the results of original fieldwork 
conducted 1980-1983 in partial fulfillment of the degree 
regui rements. 
SECTION I. USE OF DOE BEHAVIOR 
CAPTURE WHITE-TAILED DEER FAWNS 
8b 
Use of doe behavior to capture white-tailed deer fawns 
Craig N. Huegel 
Robert B. Dahlgren 
H. Lee Gladfelter 
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and the Department of Animal Ecology, Iowa State 
University, Ames, lA 50011 
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Federal Aid in Wildlife Restoration Fund, 
Project W-115-R. 
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INTRODUCTION 
Capture of deer (Odocoileus spp.) fawns for field studies 
is difficult because of their cryptic nature and rapid 
locomotor development. Fawns > 10 days old rarely are 
captured (Robinette and Gashwiler 1950, Downing and McGinnes 
1969, Cook et al. 1971), and biologists often capture most 
within a 2- to 3-week period. Fawns have been located for 
capture by (1) systematic foot or horseback searches of likely 
habitat during the estimated fawning peak (Bolte et al. 1970, 
Logan 1972, Lund 1975, Bryan 1980, Schulz 1982), (2) 
observations of nursing does (Downing and McGinnes 1959, White 
et al. 1972, Garner et al. 1975, Bartush and Lewis 1978), (3) 
the expulsion of vaginally placed transmitters (Giessman and 
Dalton 1981, Temple 1981), and (4) tape-recorded fawn distress 
calls (Arthur et al. 1978). These methods generally are 
inefficient in areas of low fawn densities or in areas where 
does are difficult to see. 
During a study of white-tailed deer (O. virginianus) 
fawns in south-central Iowa, we located and captured fawns by 
using behavioral changes of radio-collared postpartum does. 
This technique is less restricted by low fawn density and 
dense habitat, and is simple and efficient to use. 
We thank T. C. Haindfield for his field assistance during 
the development of this technique, and L. B. Best and E. E. 
Klaas for manuscript review. This research was supported by 
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the Iowa Conservation Commission (Federal Aid in Wildlife 
Restoration Fund, Project W-115-R) through the Iowa 
Cooperative Wildlife Research Unit (U.S. Fish and Wildlife 
Service, Iowa Conservation Commission, Iowa State University, 
and Wildlife Management Institute, cooperating). Journal 
Paper No. J-11308 of the Iowa Agriculture and Home Economics 
Experiment Station, Ames; Project 2404. 
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STUDY AREA AND METHODS 
The 870-km^ study area, located in Lucas, Clarke, and 
Decatur counties, Iowa, consists of rolling topography with 
flat, narrow ridges separated by deeply cut drainages. Nearly 
all of the land is used for agriculture. Farmland deer 
habitat consists of 53% grain production (mostly corn and 
soybeans), 35% hay and pasture, and 11% small woodlots. Most 
timbered areas are < 20 ha, but Stephens State Forest occupies 
1,700 ha in the northeastern part of the study area. Deer 
densities were estimated at 1.1-2.1/km^ from aerial surveys by 
the Iowa Conservation Commission. 
Adult does were captured during the winters of 1979-1980 
through 1982-1983 with Michigan-type box traps and rocket 
nets, fitted with radio collars, and released. 
Radio-collared does (n = 3, 7, 29, 14, in 1980-1983, 
respectively) were located by triangulation at least twice 
weekly from 1 April to 1 May and at least daily from 1 May to 
10 June or until their fawns were captured. Locations were 
taken with a null antenna system mounted on the roof of a 
vehicle and were plotted on 1:24,000-scale topographical maps. 
Maps were gridded on a Cartesian coordinate system of 2.59-km^ 
(1 mile^) sections that were further subdivided into 1,500 
0.152-ha squares representing the maximum accuracy of our 
telemetry system. 
Locations taken from 1 April to 1 May were important in 
establishing the boundaries of each doe's summer range and her 
preparturition movements. After 1 May, a map was kept of each 
doe's daily locations. As does approached parturition, the 
distance between daily locations was reduced (Fig. 1); their 
area of reduced activity was generally < 10 ha. 
When a reduction in home range use was observed over a 3-
to 5-day period, we assumed that parturition had occurred and 
that the fawns were located within that area. A telemetry 
location was taken as a reference point for the fawn searching 
crew and the doe's exact location was determined by walking to 
her with a handheld antenna and radio receiver. Does were 
reluctant to leave the vicinity when 1- to 10-day-old fawns 
were present and could be approached closely before flushing. 
The crew of 5-8 persons systematically searched for fawns 
within the area established by the telemetry locations. In 
1980 and 1981, additional areas were searched by the standard 
foot-search method. 
Fig. 1. Movement patterns of one doe during two fawning 
periods from 5 days prepartum to date of fawn 
capture. Date underlined indicates estimated fawn 
birth date. A triangle indicates site of fawn 
capture. Brackets enclose two identical locations 
on different days. Locations taken on the same day 
were 12 hours apart 
1982 
23 
I I 
100m 
1983 31 
2 8  
Jun 
26 
26 
30 
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RESULTS AND DISCUSSION 
Does always remained in the general vicinity of their 
fawns while the crew searched. When searches were 
unsuccessful (n = 12), follow-up searches were made 1-2 days 
later if the doe had remained in the original search area. 
Fawns were caught in 5 of 5 follow-up searches. Does that 
left the search area either never were observed with fawns (n 
= 2) or gave birth later at a different site (n = 4). 
Annually, most radio-collared does (x = 75%, range 57-83) 
exhibited reduced daily movements that we associated with 
parturition, and we captured an average 1.2 fawns for each doe 
that exhibited this behavior. This ratio is much higher than 
that reported for vaginally implanted does by Giessman and 
Dalton (1981) in Missouri (0.53 fawn/doe) and by Temple (1981) 
in New Mexico (0.41 fawn/doe), possibly because implants are 
often prematurely expelled and rarely found at the birth site 
(Garrott and Bartmann 1984). Fawn per doe capture rates were 
similar (t = 0.258, 42 df, P > 0.05) for 1980 and 1981 when 
does were located 10-20 times/day and 1982 and 1983 when they 
were located daily. 
Mean age of 58 captured fawns was 4.2 ± 1.7 days (range 
1-9 days), and 85% of the 58 were bedded at capture. Use of 
this method greatly increased our ability to find fawns ar the 
age when capture was easiest. Whereas 1 of 53 fawns found by 
this method escaped, 5 of 11 fawns found in 1980 and 1981 by 
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using the standard foot-search method escaped (G = 11.52, 1 
df, P < 0.001; Sokal and Rohlf 1981:733). Other researchers 
using the standard foot-search method (Bryan 1980, Steigers 
and Flinders 1980, Giessman and Dalton 1981, Temple 1981, 
Schulz 1982) have reported greater mean fawn ages at capture 
than those of our study; Giessman and Dalton (1981) reported 
an escaped-to-captured fawn ratio of nearly 2:1. 
Our doe behavior method was more efficient than our 
standard foot search in 1980 and 1981 as measured by person 
hours (43.8 vs. 525.0) per captured fawn. Effort per fawn 
declined to 41.9 person-hours in 1982 and to 14.5 in 1983 as 
we gained experience with the method. Search effort with our 
doe behavior method was lower or similar to those reported by 
other Midwestern researchers using the standard foot-search 
method in areas of high deer densities (Bryan 1980, Giessman 
and Dalton 1981, Schulz 1982), but was greater than ratios 
reported by Downing and McGinnes (1969) and Lund (1975) for 
much higher density populations. 
Fawns were often caught from the same doe in consecutive 
years. The capture rate of fawns was similar (G = 0.18, 1 df, 
P > 0.05) between does from which fawns were caught the 
previous year and does which had not been previously 
monitored. 
Annually, fawn searching was not conducted on about 24% 
of adult does because their movement patterns did not indicate 
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parturition by 10 June. These does also failed to show 
fawning behavior the subsequent year (phi-correlation test; P 
< 0.05, Conover 1971:180). Although these does were not 
monitored after 10 June, 1 had 2 relatively small yearlings 
associated with her until late June 1982, at which time she 
gave birth to twins. Monitoring of doe movements after 10 
June would have permitted finding fawns from some of these 
animals. 
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CONCLUSIONS 
Deer fawns can be captured efficiently by monitoring 
daily movement changes of radio-collared does. This method is 
effective when does are located as infrequently as once daily 
beginning about 2 weeks before fawn drop. Use of this method 
is less influenced by fawn densities and habitat conditions 
than previous techniques and is limited only by the 
researcher's ability to capture does and take accurate radio 
locations. 
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SECTION II. MORTALITY OF WHITE-TAILED DEER FAWNS 
IN SOUTH-CENTRAL IOWA 
21b 
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INTRODUCTION 
Proper management of deer populations requires a 
knowledge of fawn mortality patterns from birth to recruitment 
into the huntable population. Numerous studies have examined 
white-tailed deer (Odocoileus virginianus) fawn-mortality 
patterns in Texas and Oklahoma (Knowlton 1954, Bolte et al. 
1970, Cook et al. 1971, Logan 1972, Garner et al. 1975, 
Carroll and Brown 1977, Bartush and Lewis 1981) and mule deer 
fawn (O. hemionus) mortality in other semiarid areas (Trainer 
1975, Smith and LeCount 1979, Dickinson et al. 1980, Steigers 
and Flinders 1980, Temple 1981), but few data exist from 
agricultural habitats of eastern and midwestern states. With 
few exceptions (Bryan 1980; Giessman and Dalton 1981,1982), 
eastern and midwestern research has dealt with high-density 
populations in refuges or enclosures (McGinnes and Downing 
1969, O'Pezio 1978, Ozoga et al. 1982, Schulz 1982) where 
animals were oftentimes supplementally fed and prédation was 
minimal. Our objectives were to determine causes and rates of 
fawn mortality in a typical midwestern farmland deer herd. 
We thank D. C. White, G. A. Hanson, B. A. Fistler, V. A. 
Huegel, M. K. Olson, J. A. Layton, T. C. Haindfield, R. J. 
Munkel, and J. E. White for field assistance. We also thank 
numerous individuals who helped search for fawns. This 
research was supported by the Iowa Conservation Commission 
(Federal Aid in Wildlife Restoration Fund, Project W-115-R) 
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STUDY AREA AND METHODS 
The SyO-km^ study area included portions of Lucas, 
Clarke, and Decatur counties, Iowa. Topography is rolling 
with flat, narrow ridges separated by deeply cut drainages. 
Mean annual precipitation is 85.6 cm (approximately 12% as 
snow), and the average growing season is 245 days (Iowa 
Development Commission 1983). Nearly all land area is used 
for agriculture. Farmland deer habitat consists of 53% grain 
production (mostly corn and soybeans), 36% hay and pasture, 
and 11% small woodlots. Most pastures and woodlots are 
grazed. Topography often limits cash-grain field size and 
results in greater interspersion of land-use types than found 
in central and northern Iowa. Woodlot timber consists mainly 
of oak-hickory (Quercus-Carya spp.) hardwoods. Most timbered 
areas are < 20 ha, but Stephens State Forest occupies 1,700 ha 
in the northeastern part of the study area. Estimated deer 
densities were 1.1-2.1 deer/km^. 
Fawns were captured during foot searches, usually after 
parturition movement patterns of radio-collared adult does 
were monitored (Huegel et al. 1985). Captured fawns were 
weighed, measured, sexed, radio-collared, and released at the 
capture site. Fawn radio collars were equipped with a 
motion-sensitive mortality switch and transmitted at 
frequencies between 149.020 and 149.700 MHz. Collars weighed 
between 220 and 230 g (4.7% of mean fawn weight, range 
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3.0-7.8%) and were designed to break away after 6 months. Age 
estimates for fawns were based on physical and behavioral 
characters (Haugen and Speake 1958) and from movement pattern 
changes of their radio-collared dams, when appropriate. 
Precautions were taken to reduce potential for increased 
fawn mortality from handling and marking. Fawns were handled 
with surgical gloves at all times after initial capture, and 
collars were painted to camouflage noncryptic and (or) 
reflective surfaces. Painted collars were handled only with 
surgical gloves and kept outdoors at least 1 week before the 
fawn-searching period to reduce scent. Handling time per fawn 
was < 15 minutes. 
We located fawns at least once daily until 180 days old, 
if possible, and plotted their positions on 1:24,000-scale 
topographic maps. Criteria for assigning cause of death were 
modified from Garner et al. (1975) to include dogs and exclude 
bobcats (Lynx rufus) as potential predators. Fawn deaths were 
attributed to dogs when (1) we found dog tracks at the kill 
site, (2) carcasses were mauled but intact, and (3) head and 
neck wounds were lacking. Evidence often consisted only of 
blood and hair; those carcasses found intact (or nearly so) 
were promptly transported to the Iowa State University 
Veterinary Clinic in Ames for necropsy. 
Mortality was calculated from instantaneous mortality 
rates (Krebs 1972: 627) to compensate for early collar loss or 
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failure preceding 180 days postpartum. Instantaneous 
mortality rates were used to calculate 30-day finite mortality 
rates and total finite mortality at 180 days. Mortality 
estimates were calculated from the pooled sample because 
relatively few fawns were marked annually (n = 5, 7, 21, and 
22) . 
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RESULTS 
Fifty-five of 58 captured fawns were used in the 
mortality analysis. The three fawns not used consisted of one 
abandonment due to handling, one capture-related injury 
resulting in death, and one collar loss within 24 hours of 
capture. Fawning occurred each year between 19 May and 19 
June and peaked 28 May ± 4 days. All fawns were judged to be 
in excellent physical condition at capture. Mean age of the 
55 fawns at capture was 4.2 ± 1.7 days (range 1-9), and 85% 
remained bedded when approached. 
Probable cause of death was determined for all 13 fawns 
that died during the first 180 days (Table 1). Mortality for 
this period was 27.2%; nearly half during the first 30 days 
because of nonpredator deaths. 
Nonpredator deaths occurred only within 15 days 
postpartum. The three mortalities were the result of 
different mortality factors. One 12-day-old fawn died 5 days 
after capture from abandonment. This fawn had associated with 
its radio-collared dam during the 24 hours after capture, but 
was abandoned later. A necropsy was negative for pathogenic 
organisms and internal injuries, and milk was not present in 
the stomach. It was learned that a landowner hit, but did not 
injure, the fawn while mowing hay the day after we caught it. 
The doe responded to Lhe fawn's distress calls, but fled 
before the fawn was released. It is likely that abandonment 
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Table 1. Fawn mortality rates and mortality factors by 
30-day intervals in south-central Iowa, 1980-83 
Cause and number of deaths 
Fawn age Mortality Non- Coyote Dog 
(days) (%) prédation 
< 3 0  5 5  1 3 . 7  3  3  1  
31-50 48 2.1 0 1 0 
51-90 44 5.0 0 1 1 
91-120 38 2.9 0 10 
121-150 33 6.7 0 11 
151-180 22 0.0 0 0 0 
0-180 27.2 3 7 3 
^Number of fawns with functional radio collars entering 
each period. 
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was caused by the extensive handling and trauma associated 
with this incident. 
Another fawn, 3 days old, drowned 1 day after capture 
when swept downstream in a flash flood. The third fawn, 15 
days old, died 12 days after capture from acute necrotic 
hepatitis caused by a bacterium, Ervsipelothrix rhusiopathiae. 
The fawn was emaciated at death, yet its stomach contained 
curdled milk. A sibling was not affected. 
Two uncollared fawns were found dead during the study, 
seemingly from complications at birth. One fawn died with its 
radio-collared dam during parturition. The dam was observed 
with the front half of the fawn expelled and died 2 days later 
with the dead fawn in the same position. A fawn was found at 
the suspected birthing site of another radio-collared doe; we 
believe that it was stillborn. 
Coyotes caused 53.8% and dogs 23.1% of total mortality. 
Predator-induced mortality occurred during all 30-day periods 
to 150 days, and predator-induced mortality rates were 
relatively constant among periods (G = 4.02, P > 0.50, 5df) 
according to G-test analysis (Sokal and Rohlf 1981:733). 
Although no predator-induced deaths occurred between 151 and 
180 days, coyotes killed a 195-day old fawn. 
The archery deer hunting season coincided with the last 
two 30-day periods of study; however, no radioed fawns were 
harvested. By comparison, 3 of 14 fawns (21.4%) older than 
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180 days were killed (two legally and one probably illegally) 
by hunters during the 11-day shotgun deer season held annually 
in early December. Additionally, we lost contact with, two 
fawns that may have been poached in December. 
The sex ratio of radio-collared fawns was skewed (G = 
5.54, P = 0.01); 39 of 58 were males. Male fawns were as 
likely to be killed by predators as females during the first 
30 days (G = 3.50, P = 0.05) and first 180 days (G = 2.22, P 
= 0.17). Overall, male and female fawns had similar mortality 
rates (G = 2.54, P = 0.15). Only 2 of 14 prehunting season 
deaths, however, were females. No female fawn was killed by 
coyotes, and only one (aged 85 days) was killed by dogs. 
Fawn weights at capture were expressed as deviations from 
the median weight of equal-aged fawns in the 4-year sample. 
Female fawns weighed more than males (Wilcoxon 2-sample test; 
t = 2.54, P = 0.01), but mortality was independent of fawn 
weight (Wilcoxon 2-sample test; t = 0.02, P > 0.90). 
Birth date also had no effect on fawn mortality (Wilcoxon 
2-sample test; t = 0.15, P = 0.85). Fawns born at either 
extreme of the birth peak were not more likely to die during 
the first 180 days. No correlation existed between birth date 
and fawn weight rank (rg = -0.03, P > 0.05, 48 df). 
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DISCUSSION 
Fawn mortality in excess of 50% within 90 days postpartum 
is reportedly common among white-tailed deer in semiarid areas 
of Texas and Oklahoma (Cook et al. 1971, Logan 1972, Garner et 
al. 1976, Bartush and Lewis 1981). In similar habitat. 
Trainer (1975), Dickinson et al. (1980), Steigers and Flinders 
(1980), and Temple (1981) have reported similarly great mule 
deer fawn-mortality rates. In these studies, nearly all 
mortality occurred 30 days postpartum; with few exceptions 
(Logan 1972), 50% or more of the losses were caused by coyote 
prédation. 
In contrast, reduced fawn mortality has been reported for 
mixed agricultural and forested habitats of the East and 
Midwest. McGinnes and Downing (1969) reported an 8% and Ozoga 
et al. (1982) a 2-23% fawn-mortality rate in Virginia and 
northern Michigan deer enclosures, respectively. Schulz 
(1982) reported 15% fawn loss preceding the hunting season in 
a Minnesota deer refuge. Our results and calculations based 
on Missouri studies of radio-collared fawns (Bryan 1980; 
Giessman and Dalton 1981, 1982) also indicate that mortality 
is much less than commonly reported in semiarid western areas. 
Nonpredation mortality caused an estimated 6.4% loss of 
fawns during the first 180 days, due to a variety of factors. 
The occurrence of Srysipelothrix rhusiopathiae probably 
represented an isolated event rather than an indication of an 
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epizootic (J. H. Guve, Iowa State Univ. Vet. Clinic, pers. 
commun.). Isolation of this disease is rare in wild deer; we 
are aware of only one previous record (Blackmore and Gallagher 
1964:1161). This bacterium is pathogenic to a variety of 
animals, including domestic livestock, and is transmitted by 
biting flies (Stomoxys spp.. Tabanus spp.) if the flies have 
fed recently on a bacteremic animal. 
Coyotes and dogs caused the observed loss of 20.9% of 
annual fawn production at 180 days, and fawn mortality was not 
restricted to the first 30-45 days postpartum. Similar 
predator-induced mortality patterns were reported by Bryan 
(1980) and Giessman and Dalton (1981, 1982). ^ Coyote prédation 
may be a major source of fawn mortality in the Midwest, but 
fawns are seemingly less vulnerable during the neonatal period 
than in semiarid western areas. 
Beasom (1974) and Stout (1982) showed that predator 
density has substantial influence on fawn survival, but 
comparison of predator densities between our study and others 
is impossible because predator densities have not been 
reported. We also did not measure coyote densities, but 
commonly observed coyotes during all years of the study. 
Regional differences in fawn survival may be largely 
influenced by the vegetation structure at the fawn bedsite. 
The vegetation at fawn bedsites in the Southwest (Carroll and 
Brown 1977, Garner et al. 1979) is less dense than has been 
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found in the Midwest (Huegel 1984). Smith and LeCount (1979) 
found that survival of desert mule deer fawns was dependent on 
spring vegetation density because increased cover reduced 
coyote prédation. Likewise, Beasom (1974) and Carroll and 
Brown (1977) reported a relationship between spring rainfall 
and coyote prédation on white-tailed deer fawns when coyote 
density remained constant. Because coyotes seem to rely 
primarily on visual clues to locate prey (Wells and Lehner 
1978), increased vegetation density would reduce their ability 
to locate and kill fawns, especially during the first 30 days 
when fawns are most sedentary. 
Research on ungulates (Verme 1963, McEwan and Whitehead 
1972, Blaxter and Hamilton 1980, Clutton-Brock et al. 1982) 
and other seasonally breeding mammals (Reiter et al. 1978) has 
shown the importance of birth weight and date to summer 
survival. Birth weight and date are greatly influenced by 
maternal condition (Alexander 1955, Verme 1953, Mitchell and 
Lincoln 1973, Guinness et al. 1978). The absence of a 
relationship between summer fawn survival and birth weight or 
date in our study is likely the result of the typically high 
nutritional plane in Iowa does (Haugen 1975). Although fawn 
birth weight was influenced by the severe winter of 1981-82, 
it was not reduced to the level at which summer survival was 
affected. 
An important factor that was not resolved satisfactorily 
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is the influence of the fawn's sex on its vulnerability to 
mortality during the first 180 days. Our analysis of male and 
female mortality rates did not show a significant difference, 
but a trend was found for greater male fawn mortality. This 
trend was most evident for predator-induced mortality during 
the first 30 days. Steigers and Flinders (1980) found that 
male mule deer fawns were more likely to die during the first 
7 months than were females, and Jackson et al. (1972) reported 
that increased susceptibility of male white-tailed deer fawns 
to coyote prédation was the result of their greater activity 
levels. The combination of the small sample of female fawns 
and low mortality rates in our study reduced the power of ; the 
statistic to discriminate a difference in mortality between 
sexes. Further research is needed to determine the 
relationship between fawn sex and mortality in midwestern deer 
popu1ations. 
Given the high fecundity of Iowa deer (Haugen 1975), fawn 
mortality alone is not great enough to regulate their 
populations as seemingly is the case in many semiarid areas 
(Cook et al. 1971, Garner et al. 1976, Bartush and Lewis 
1981). According to our data from four 11-day shotgun hunting 
seasons, mortality from legal and illegal harvest may equal 
natural mortality rates during the first 180 days. Similar 
results have been reported in other midwestern states where 
radio-collared fawns were followed through the hunting season 
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(Bryan 1980; Giessman and Dalton 1981, 1982; Schulz 1982). 
Fawn sample sizes, however, are too small to make strong 
inferences from these data. Further research is needed to 
determine how fawn mortality fits into a complex of 
compensatory and additive mortality factors that affect 
midwestern deer population dynamics. 
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INTRODUCTION 
Understanding social behavior and its development is 
essential because of their important influences on population 
dynamics (Dasmann and Taber 1956:43, Ozoga et al. 1982). 
Infant ungulates receive more than nutritional benefits from 
maternal association. Passive disease immunity is obtained 
postpartum through colostrum and milk (Brambell 1958). Dams 
aid newborn thermoregulation and motor development by either 
direct contact or indirect licking and drying (Hart et al. 
1961, Kelsall 1958, Townsend and Bailey 1975), and may also 
actively assist the neonate in traversing difficult terrain 
(Winter 1964, Pitzman 1970). 
Ungulate mother-infant relations likely have been 
influenced to a major extent by prédation (Leuthold 1967, Lent 
1974, Estes and Estes 1979), and numerous authors have cited 
examples of successful offspring defense by the dam against 
predator attack, including Dixon (1928), Michael (1967), and 
Litvaitis and Bartush (1980) in Odocoileus spp. Within 
"hiding-type" (Lent 1974) ungulates, however, the dam's 
efforts to hide offspring or lure or distract predators away 
are perhaps even more important than active defense in 
protecting the infant from predators (Altmann 1963, Walther 
1965, Graf and Nichols 1967, Pratt and Anderson 1979). Much 
of the dam-offspring relationship within hiders can be 
explained by the necessity of transmitting minimal information 
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concerning the infant's hiding place to potential predators 
(Byers and Byers 1983). 
Hiding behavior is nearly universal among newborn 
Cervidae, and is perhaps most highly developed within the 
genus Odocoileus, least gregarious of which is the 
white-tailed deer (O. virginianus) (de Vos et al. 1957). 
White-tailed deer dams isolate themselves from past offspring 
and other members of the matriarchal group 1-2 weeks 
prepartum, and remain mostly isolated with their newborn fawns 
until fall or early winter (Hawkins and Klimstra 1970, White 
et al. 1972, Hirth 1977, Ozoga et al. 1982). Although 
white-tailed deer have been intensively studied, little has 
been published describing relations within dam-fawn family 
groups during the hiding period (90 days postpartum) and 
subsequent 90 days. 
Observations immediately pre- and post-partum have been 
reported for penned (Haugen and Davenport 1950, Severinghaus 
and Cheaturn 1956, Haugen and Speake 1957, Townsend and Bailey 
1975) and wild (Michael 1954) white-tailed deer. Limited data 
on postpartum dam-fawn relations were reported by Cook et al. 
(1957), Hawkins and Klimstra (1970), Jackson et al. (1972), 
White et al. (1972), Bartush and Lewis (1978)., and Ozoga et 
al. (1982). We have found only one report of surveillance of 
unpenned family groups after 70 days (Hawkins and Klimstra 
1970) and only one report that describes aspects of nighttime 
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behavior (Jackson et al. 1972). Few data are available from 
simultaneous monitoring of dams and fawns at any period 
postpartum (Bartush and Lewis 1978, Ozoga et al. 1982). 
Objectives were to study parturition behavior and 
determine spatial relations within free-ranging dam-fawn 
family groups from parturition to late fall. Although 
secondary associations may form between the primary dam-fawn 
family and other deer (Hawkins and Klimstra 1970), our 
analysis is concerned only with relations between immediate 
family members. 
We thank B. A. Fistler, T. C. Haindfield, V. A. Huegel, 
J. A. Layton, R. J. Munkel, M. K. Olson, and J. E. White for 
field assistance, and numerous individuals who searched for 
fawns. This research was supported by the Iowa Conservation 
Commission (Federal Aid in Wildlife Restoration Fund, Project 
W-llS-R) through the Iowa Cooperative Wildlife Research Unit 
(U. S. Fish and Wildlife Service, Iowa Conservation 
Commission, Iowa State University, and Wildlife Management 
Institute, cooperating). 
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STUDY AREA AND METHODS 
The 870-km^ study area included portions of Lucas, Clarke, 
and Decatur counties, south-central Iowa. Topography is 
rolling, often with narrow, flat ridges separated by deeply 
cut drainages. Nearly all land area is used for agriculture 
and deer habitat is composed of 53% grain fields (mostly corn 
and soybeans), 36% hay and pastureland, and 11% small 
woodlots. Most pastures and woodlots are grazed. Topography 
often limits cash-grain field size and causes interspersion of 
land-use types. Woodlot timber is composed mostly of 
oak-hickory (Quercus-Carya spp.) hardwoods. Riparian 
woodlands also include elm (Ulmus rubra). Most timbered areas 
are < 20 ha, but Stephens State Forest occupies 1,700 ha in 
the northeastern part of the study area. 
Does were caught during winters from 1979-80 to 1982-83 
with Michigan-type box traps and rocket nets, fitted with 
radio-collars, and released. Changes in daily movement 
pattern during the fawning period were used to determine 
parturition and general location of fawns (Huegel et al. 
1985a). Fawn searching by crews of 5-8 people was conducted 
annually to locate fawns of does exhibiting postpartum 
behavior. Captured fawns were equipped with expandable, 
motion-sensitive radio-collars designed to break away in about 
6 months (Porath 1980). Age estimates of fawns were based on 
physical and behavioral characters (Haugen and Speake 1958), 
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and from movement patterns of their radio-collared dams. 
Data on movements and spatial relations in family groups 
were derived from telemetry locations or, rarely, from direct 
observations. Locations were taken with a null antenna system 
mounted on the roof of a vehicle and plotted on 1:24,000-scale 
topographic maps. Maps were gridded on a Cartesian coordinate 
system of 2.59-km^ sections further subdivided into 1,600 
0.152-ha squares. 
Though not as precise as direct observation, telemetry 
can provide accurate information at all hours of the day and 
in all cover conditions when used with caution. All locations 
were determined from a minimum of three vectors, and usually 
four, taken within a period < 15 minutes and forming a polygon 
< 0.2 ha. A we11-developed road system on the study area 
facilitated close access to the study animals. Location stops 
were chosen to minimize vector length and maximize vehicle 
altitude, thereby maximizing signal strength. Care was also 
taken to maximize the angles of the three vectors from each 
other within an arc of 180°. Vectors determining a location 
were generally <0.8 km and about 45-60° apart. Animals that 
could not be consistently located under these criteria were 
not included in behavioral analyses. 
We defined a family as a radioed adult dam and radioed 
twin fawns, unless triplets were observed, because nearly all 
adult does in Iowa annually give birth to 2 fawns (Haugen 
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1975). Family group members were located from identical stops 
whenever possible, and vectors to each animal were taken 1-2 
minutes apart from each telemetry stop. If a location of any 
family member did not meet criteria specified above, none of 
the locations were used, and family members were immediately 
relocated. 
All dam-fawn groups were located at least daily from 
capture to 90 days postpartum 1980-82, and at least weekly in 
1983. Dam-fawn groups were located at least twice weekly 
after 90 days until the fawn's collar was dropped. Most 
locations in 1980 and 1981 were taken 0800-2400; locations 
were taken during all hours in 1982 and 1983. 
Family groups occupying areas most suited for 
consistently accurate locations were chosen for intensive 
monitoring. These families were located continuously for 
4-hour periods at least twice weekly 1980-82 to 90 days, and 
continuously for about 24 hours weekly in 1983 to about 75 
days of age. Intensive monitoring was continued past 90 days 
in 1982 and 1983. In 1982, 4-hour monitoring was conducted 
biweekly until fawns were 120 days old. In 1983, continuous 
8-hour locations were taken over 3 weeks at about 110-150 days 
of age. In all intensive location periods, time interval 
between successive locations was about 30 minutes. 
Telemetry data were analyzed with the TELEM computer 
package developed by Iowa Conservation Commission personnel. 
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Home range estimates were based on the minimum area method 
(Mohr 1947). Animals were considered associated when 
separated by < 40 m, a criterion determined by the sensitivity 
of our system. Daily dyadic association between dams and 
their fawns and between siblings, and triadic association 
between family members was calculated from the number of 
occasions animals were associated divided by the number of 
telemetry locations (Guinness et al. 1979). Biweekly 
association was calculated from mean daily association values. 
Association length and activity were calculated only from 
intensive locations made in 1983. Beginning and ending of an 
association were determined by evaluating the activity of the 
fawn and dam in the hour immediately preceding and following 
the period of associated locations and by evaluating the 
distance moved by the animal initiating the association and 
determining its travel rate. All measures of association 
length were estimated to 15-minute intervals. 
Fawns were determined to be active when they moved from 
one stationary location to another. Fawns that seemingly 
"moved" from a stationary location during one telemetry period 
and then "moved" back and remained stationary again were not 
considered active unless the fawn became associated with the 
dam during this period. Such instances were attributed to 
telemetry error; nearly all such instances involved distances 
< 80 m. Activity length was determined by the period of time 
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between consecutive stationary locations. This method 
overestimates activity if active fawns frequently rest for 
periods < 30 minutes between successive telemetry locations, 
and underestimates activity if active fawns frequently move < 
40 m in the 30 minutes; the first bias is likely unimportant 
(Jackson et al. 1972), but the latter is unknown. 
Distance moved by fawns in association with the dam and 
distance moved during activity periods were determined by 
linear distance between the association's beginning and ending 
locations and by linear distance between the fawn's successive 
stationary locations, respectively. Daily movement was 
calculated as the sum of distance moved in daily activity 
periods and is a minimum estimate. 
Data used to calculate association and activity frequency 
were standardized to compensate for slight differences in 
length of location period. Analysis of time-of-day effects 
were based on equal 4-hour time intervals unless otherwise 
specified. When comparisons are made only between day and 
night, day is defined as 0801-2000 and night includes the 
remaining 12 hours. 
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RESULTS 
Behavioral relations of 43 fawns (including 13 sets of 
twins) and their 17 adult dams were studied. Eleven family 
groups representing 11 different dams were monitored 
intensively (n = 1, 1, 5, 4 in 1980-1983, respectively). All 
11 families, except for one in 1983, remained intact and were 
studied until fawns were at least 90 days old. Parturition 
behavior of 18 adult does (35 births) was also studied. Fawns 
of eight does were found over 2 years, fawns of two additional 
does over 3 years, and fawns of two other does over 4 years. 
Additional information on parturition site selection was 
collected for 4 births of unmarked does. 
Parturition 
At parturition, most of the 12 does for which we had at 
least two years of data returned to the general area where 
they had previously given birth. Mean distance between 
consecutive parturition sites was 280 ± 214 m (range 50-904 
m). Although ages of adult does were not known, fidelity to 
the fawning area increased with doe age. A reduction in 
distance between consecutive fawning sites occurred in four 
does for which 3 years of data was available (paired t = 3.53, 
P < 0.05). This distance was further reduced for two does 
during the fourth year, but was not different (paired t = 
1.57, P = 0.20). 
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There was no evidence that does selected parturition 
sites spatially in relation to the edge of their prepartum 
home range. Fawning sites were selected in both woodlands and 
pasture, but individual does chose sites in similar habitat 
each year (Phi coefficient; T = 2.37, P < 0.01). 
Dam-fawn relations 
Association frequency After parturition, dam-fawn 
association frequency increased from about 20% during the 
first 8 weeks to > 60% after 12 weeks (Fig. 1). No difference 
in association frequency occurred among biweekly periods from 
parturition through weeks 11-12. Data from four families 
intensively monitored in 1983 (Table 1) are similar to that of 
other less-intensively monitored families, and are typical of 
the amount of individual variability in maternal behavior. 
Generally, dam-fawn association increased after 12 weeks 
postpartum. Fawn sex was relatively unimportant in maternal 
association frequency. Dams associated less with male than 
female fawns during weeks 1-2 (t = 2.50, P = 0.02, 36 df), but 
no differences occurred after this period. 
Time of association Dam-fawn contact periods were 
grouped into 4-hour time blocks and analyzed by 4-week 
periods. Contact was independent of time except during the 
first 4 weeks, and became more variable as fawns matured 
(Table 2). During the first 4 weeks, dams tended to associate 
Fig. 1. Mean percent dam-fawn association in white-tailed 
deer in south-central Iowa, 1980-83. Solid circles 
represent male fawns and open circles represent 
female fawns 
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Table 1. Percent dam-fawn association in four family 
groups of white-tailed deer in south-central 
Iowa, 1983 
Time period (weeks) 
Doe Fawn 
No. No. 1-2 3-4 5-5 7-8 9-10 13-24 
060 156 14 
060 157 25 
040 149 21 20 28 43 59 
040 150 32 14 27 62 70 
020 139 0 29 24 40 57 
020 140 15 25 30 45 47 
034 151 12 13 6 14 50 
034 152 12 9 6 5 50 
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Table 2. Chi-sguare tests for 
independence of 
dam-fawn association 
by time of day 
Month X2 p df 
1 12.75 0.03 5 
2 6.72 0.30 5 
3 4.65 0.45 5 
>3 4.20 0.55 5 
56 
more with their fawns 0801-1600 and less 1601-2400, but 
significant differences from expected values only occurred 
2001-2400 (X2 = 6.63, P = 0.01). 
Association length The mean length of dam-fawn 
contact periods increased with fawn age, but was greatly 
variable (Fig. 2). No differences in mean length of contact 
were evident among individual does during the first 6 weeks, 
but differences were observed after this time. Doe No. 34 
interacted infrequently with her fawns during all weeks and 
the length of her fawn contact periods decreased in week 7 and 
remained less than that of the first 6 weeks through week 9. 
Mean contact length of the other two does continued to 
increase after week 6, although doe No. 40 interacted with her 
fawns for longer periods than doe No. 20 in weeks 7-9 (t = 
5.17, P = 0.005, 5 df; t = 2.10, P = 0.09, 3 df; t = 2.58, P = 
0.05, 5 df; weeks 7-9, respectively). 
Mean contact periods were longer during nighttime than 
daytime hours (t = 3.47, P < 0.01, 51 df) during the first 6 
weeks. Most nighttime contact periods were > 120 minutes, but 
most daytime contacts were < 90 minutes. 
Frequency of contact Length of dam-fawn contact 
periods generally increased with fawn age, but frequency of 
daily contact did not change. Individual does were consistent 
in the frequency with which each contacted their fawns during 
the first 7-9 weeks, but individual does differed from each 
Fig. 2. Mean length of dam-fawn contact periods by individual 
white-tailed deer dams in south-central Iowa, 1983. 
Symbols are: Solid triangle. Doe No. 60; open circle. 
Doe No. 40; solid square. Doe No. 20; open square. 
Doe No. 34; solid circle, mean of all contact 
periods 
MEAN LENGTH OF CONTACT (minutes) 
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other (Table 3). Fawn-contact frequency patterns seemed to be 
determined by individual dam behavior; differences among dams 
became evident either shortly after parturition or no later 
than the second week postpartum. 
Time between contact periods Length of time following 
one contact period to beginning of the next was analyzed from 
intensive locations in 1983. Time between contacts was highly 
variable and no differences (P > 0.05) were observed between 
individual dams or biweekly time periods. Time between 
contacts was not correlated with the length of the preceding 
contact period (r = -0.259, P > 0.05). Median time between 
contacts was 7.0 hours (range 1.75-> 22.75 hours) from 29 
observations. This value likely is a minimum estimate, 
however, as more longer-than-average periods between contacts 
likely are excluded from analysis than shorter ones. 
No order in dam-fawn contact was evident during the first 
4 weeks when fawns were apart. In five observations, there 
was no evidence that dams alternated contact between fawns. 
Once a dam contacted both fawns simultaneously about 1200 and 
separately with one of them near 2400 and with the other after 
0600. On three occasions, the dam contacted the second fawn 
twice before recontacting the first fawn, and once a dam 
contacted one of its 3-week old fawns twice in 22.75 hours 
while never contacting the other. 
Distance moved during contact periods Linear distance 
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Table 3. Association characteristics of three family-
groups of white-tailed deer in south-central 
Iowa, 1983 
Minutes/hour of contact Contacts/day 
Doe No. Doe No. 
Weeks 020 034 040 020 034 040 
1-2 15.8 2.5 
3-4 3.6 7.8 8.7 1.1 2.1 2.7 
5-5 15.4 6.1 15.5 2.3 1.3 3.4 
7-8 15.6 3.5 34.0 2.6 1.7 2.5 
9-10 25.6 4.6 2.1 1.4 
Total 2.2 1.7 2.9 
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moved by fawns in association with their dams was calculated 
from intensive locations for weeks 1-8 in 1983 (Table 4). 
After 8 weeks, few contact periods (n = 9) were short enough 
to be calculated during the observation period and it is 
likely that these estimates would be greatly biased. 
Generally, distance moved by fawns increased with age. No 
difference was evident (P > 0.05) in movement between biweekly 
intervals to 6 weeks, though mean distances seemed to increase 
after the first 4 weeks. Contact period movement was greater 
in weeks 7-8 than during the first 4 weeks (t = 2.84, P < 
0.01, 55 df) and during weeks 5-6 (t = 2.09, P < 0.05, 53 df). 
Contact period movement was not related to time of day. 
No differences (P > 0.05) were noted between nighttime and 
daytime movement during contacts in any biweekly period. 
Dam-fawn distance Fawns spent most of each day 
separated from the dam, especially during the first 12 weeks. 
When apart, dams kept a nearly constant distance from their 
fawns (Table 5). Mean dam-fawn distance did not differ by 
4-week period, and few differences occurred within periods by 
time of day. After the first 4 weeks, dams were furthest from 
their fawns 2001-0400. From telemetry plots it seemed that 
does often left their fawns near sunset and foraged for 
several hours in crop fields. This pattern was not evident 
during the first 4 weeks when does maintained a constant 
distance from their fawns or after 12 weeks when fawns became 
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Table 4. Mean distance (m) moved 
by white-tailed deer 
fawns during association 
with their dams, 1983 
Weeks X SD n 
1-2 61.6 36.5 5 
3-4 116.0 103.1 22 
5-6 149.5 136.1 26 
7-8 320.0 394.9 29 
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Table 5. Mean distance (m) between unassociated 
white-tailed deer dams and fawns in south-central 
Iowa, 1980-83. Means in same column bearing 
different letters differ (P < 0.05) 
Weeks 
Time of 
day 1' -4 5-8 9-12 13-24 
0001-0400 218 .4 A 295. 0 A 338.5 A 206.8 A 
0401-0800 219 .5 A 225. 9 AB 165.9 B 157.6 A 
0801-1200 217 .2 A 220. 8 B 253.3 AB 302.5 A 
1201-1600 241 .2 A 220. 8 B 256.8 AB 350.1 A 
1601-2000 244 .3 A 245. 2 A3 227.3 B 221.2 A 
2001-2400 247 .9 A 273. 0 AB 330.4 A 436.8 A 
X of Total 231 .4 246. 8 262.0 279.2 
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more mobile and often accompanied their dams on evening 
foraging trips. 
Dam-fawn distance was not related to fawn sex during any 
4-week period (P > 0.05), although mean distance to male fawns 
was consistently greater than distance to females (Table 5). 
Distance relationships seemed to be primarily related to 
individual dam behavior. When only pairs of mixed-sex 
siblings were analyzed, no relationship between distance from 
the dam and fawn sex was evident. 
Sibling relations 
Siblings < 4 days old were often caught within 30 m of 
each other, but older siblings were usually separated by much 
greater distances and rarely associated during the following 
3-4 weeks (Fig. 3). Although variable, sibling contact 
increased with age. Sibling association was highly correlated 
with dam association during the first 2 weeks (r = 0.560, P = 
0.01) and after 8 weeks (r = 0.595, P < 0.001), but not at 
other times. 
That siblings were frequently associated after the first 
3-4 weeks was verified by biweekly observations of the fawns 
at their diurnal bedsites 1980-1982. Radio-collared fawns 
with siblings never associated with them during the first 3 
weeks postpartum (n = 4), but were often within 10 m of each 
other after the first 4 weeks (x = 77.4%, n = 31). 
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Table 5. Mean distance (m) between white-tailed deer dams 
and their fawns by fawn sex and age in 
south-central Iowa, 1980-83. Sibling distances 
are mean distance between six dams and their 
mixed-sex sibling fawns by fawn sex 
Fawn age (weeks) 
Fawn sex 1-4 5-8 9-12 13-24 
Female (all) 164.7 156.0 163.4 123.0 
Male (all) 205.0 199.6 170.9 203.9 
Female (siblings) 193.1 229.2 232.8 341.1 
Male (siblings) 198.3 210.1 243.0 326.2 
Fig. 3. Mean (+ SD) percent association of sibling fawn 
white-tailed deer in south-central Iowa, 1980-83 
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Although siblings associated increasingly with age, they 
also ranged farther apart. Siblings were rarely > 200 m apart 
during the first 12 weeks, but older fawns were often > 400 m 
apart when separated (Fig. 4). In 41% of 17 late summer and 
fall intensive locations, siblings were apart for periods of 
at least 4 hours. Siblings were rarely separated that long 
when 30-90 days old (x = 24%, n = 93). 
Fawn activity and home range 
Activity patterns Activity patterns were analyzed in 
1983 from intensive locations of three family groups. 
Although variable, fawns became increasingly active duringthe 
first 5 weeks. After 5 weeks, fawn activity was nearly 
constant, with activity averaging about 55% of the day (Table 
7). Fawn activity generally increased with age, but the 
percentage of time that active fawns were with their dam 
remained nearly constant (x = 45.4%, n = 8). Because fawn 
activity increased irrespective of an increase in dam or 
sibling association, likely it is a function of age alone. 
Mean frequency of weekly activity periods did not differ 
after the third week (P > 0.05); data during week 2 were not 
sufficient to warrant analysis. Mean length of activity 
periods generally increased with fawn age, however. During 
the first 4 weeks, nearly 65% of 54 activity periods were < 90 
minutes, and 9% were > 200 minutes. After the first 4 weeks. 
Fig. 4. Mean distance (m) between sibling fawn white-tailed 
deer in south-central Iowa, 1980-83. Solid circles 
represent means from all telemetry locations and 
open circles represent means from locations when 
fawns were apart 
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Table 7. Mean (± SD) weekly white-tailed deer fawn activity 
in south-central Iowa, 1983 
Percent Active periods 
Fawn Time activity 
age active without dam Number Length 
(weeks) (%) (minutes) 
_ _ — g §5 
2 42.7 15.1 50.2 8.4 7.2 1.6 95.3 45.3 
3 20.9 5.4 45.9 24.8 4.7 1.1 63.9 4.7 
4 42.7 8.5 68.5 20.2 4.6 0.9 165.5 85.0 
5 38.0 11.2 45.4 25.3 5.2 0.8 106.2 28.5 
6 64.1 16.4 65.8 10.4 3.8 1.2 297.9 144.2 
7 63.3 12.9 61.3 25.1 4.1 1.7 285.1 193.0 
8 71.8 20.6 56.2 29.8 3.5 1.5 331.7 163.9 
9-10 61.3 12.8 43.4 39.9 3.1 1.6 296.2 316.7 
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only about 37% of 123 activity periods were < 90 minutes, but 
43% were > 200 minutes. 
Fawns were active at all 4-hour time periods, and their 
activity was related to time (Table 8), but not to fawn age. 
Fawns were most active in the early morning (0401-0800) and 
just before sunset (1501-2000), and least active 0801-1600. 
That fawn activity was at least partly independent of the dam 
is evident, because dam-fawn contact was independent of time 
after the first 4 weeks. 
Mean total distance traveled by fawns in 24 hours 
generally increased with age from about 250-300 m during weeks 
2-3 to about 1000 m beginning in week 7 (Table 9). Nearly 
half of the distance moved by fawns during the first 8 weeks 
was in the absence of the dam. Fawns increased their 
percentage of movement with the dam after 8 weeks. This 
corresponds to an increase in dam-fawn contact during the same 
period. 
Home range patterns Adult doe home range decreased 
greatly postpartum and did not approach overlap with 
preparturition boundaries until fall (Fig. 5). Mean dam home 
range was about twice as large as fawn home range throughout 
the summer, but were similar after 12 weeks. Mean fawn and 
dam home range increased significantly from the first to 
second 4-week period (fawn: t = 4.57, P < 0.001, 78 df; dam: t 
=2.90, P < 0.01, 45 df), but did not change weeks 9-12 (fawn: 
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Table 8. Mean (± SD) total white-tailed deer fawn activity 
(minutes) and percentage of total activity per time 
period in south-central Iowa, 1983 
Fawn age (weeks) 
Time of 
day 
3-4 5-6 7-8 
X SD % X SD % X SD % 
0001-0400 75 72 . 15 135 88 . 19 169 79 . 18 
0401-0800 115 115 .23 171 64 .24 203 40 .22 
0801-1200 45 51 .09 76 54 .10 104 96 .11 
1201-1500 88 43 . 17 94 85 . 13 95 100 . 10 
1501-2000 120 70 .24 117 79 . 15 199 27 .21 
2001-2400 64 73 .13 130 78 .18 174 76 . 18 
Table 
Fawn 
(week 
2 
3 
4 
5 
5 
7 
8 
9-10 
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Mean (± SD) weekly white-tailed deer fawn 
movement (m) in south-central Iowa, 1983 
Total Percent moved 
distance moved without dam 
X SD X SD 
319 182 75 25 
246 71 54 24 
465 84 51 32 
443 157 63 25 
755 218 55 20 
1250 944 52 30 
1131 614 46 35 
918 430 29 34 
Fig. 5. Mean home range (ha) of white-tailed deer dams pre-
and post-partum (hatched) and fawns in south-central 
Iowa, 1980-83 
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t = 1.08, P > 0.20, 69 df; dam: t = 1.73, P > 0.05, 41 df). 
Mean home range for both fawns and dams increased 
significantly after 12 weeks (fawn: t = 5.11, P < 0.001, 48 
df; dam: t = 3.12, P < 0.01, 30 df), and neither differed 
from home range of prepartum does. 
Family association 
Similar to sibling- and dam-fawn-association estimates, 
association of family groups increased with fawn age (Fig. 6). 
During the first 4 weeks when fawns were seldom associated, 
mean family association was < 10%. Although siblings were 
frequently associated after the first 4 weeks, families were 
together only about 15% weeks 5-8 and about 32% weeks 9-12. 
Based on data collected primarily from 19 intensive location 
periods in mid-September to mid-October, families were 
associated about 50% of the time in early fall. 
Family composition during periods of separation was 
variable. In 12 location periods when families were not 
together, both fawns were apart from the dam on five 
occasions. Siblings were together during three of the five 
periods. In the remaining seven instances where families were 
separated, one of the siblings was with the dam while the 
other was some distance away. 
Family association was not related to daytime and 
nighttime hours (G = 1.55, P > 0.30). Also, no sex 
Fig. 6. Mean (+ SD) percent triadic association of 
white-tailed deer dams and twin fawns in• 
south-central Iowa, 1980-83 
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differences were evident (Table 6), but male fawns seemed to 
be more independent than females after week 12. Of the seven 
instances of family separation when one fawn was associated 
with the dam, five involved mixed-sex siblings. In all five 
instances the unassociated fawn was male. 
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DISCUSSION 
Parturition 
Social isolation by pregnant does 1-2 weeks prepartum to 
early fall has been reported by Palmer (1951), Hawkins and 
Klimstra (1970), White et al. (1972), Bartush and Lewis 
(1978), and Ozoga et al. (1982). Hirth (1977) reported that 
prepartum does in forested habitat of Michigan isolated 
themselves from conspecifics, but that those on savannah 
grassland in Texas did not. However, postpartum does seek 
companionship with other nonproductive does after losing their 
fawns (Ozoga et al. 1982), and fawn mortality in south Texas 
is generally much greater than in the Midwest (Huegel et al. 
1985b). Because Hirth (1977) did not know the fates of fawns 
born to does he observed, it is likely that the evident lack 
of prepartum isolation among does in Texas was the result of 
greater fawn mortality rates and not the result of habitat 
differences. Prepartum social isolation is common to most 
ungulates; the extent to which dams isolate themselves from 
conspecifics seems to vary both inter- and intra-specifically 
(Lent 1974), and the trait may be more pronounced in 
experienced mothers than primiparous ones (Couturier 1938, 
Ozoga et al. 1982). 
Isolation enhances newborn survival. When parturition 
occurs without complete isolation, it frequently attracts the 
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attention of conspecifics (Talbot and Talbot 1953, Cuneo 1965, 
Espmark 1959, Dittrich 1970, Lent 1974), and may even induce 
attack from them (Gosling 1959). Such attention can increase 
newborn mortality by seriously disrupting the process of 
imprinting (Langenau and Lerg 1975, Ozoga et al. 1982) and 
neonatal thermoregulation (Townsend and Bailey 1975). It may 
also attract predators. 
Fidelity to parturition sites was generally evident in 
our study, and was associated with increasing age of the dam. 
Ozoga et al. (1982) described three fawning strategies 
employed by sexually mature white-tailed deer does that varied 
by age and parity: (1) a matriarch doe selected the same 
fawning area consecutively for 3 years, (2) primiparous 2-year 
old daughters chose sites bordering that of their mothers, and 
(3) multiparous 3-year old ones typically shifted some 
distance away. The influence of parity on parturition-site 
fidelity in Iowa deer is not known, but because 75% of all 
female fawns are bred at about 6 months in Iowa and give birth 
as yearlings (Haugen 1975), most if not all of our radioed 
adults were experienced mothers at capture. 
Fidelity to and defense of a parturition site has been 
reported in other ungulate species that isolate themselves. 
Dasmann and Taber (1955) observed it in black-tailed deer 
(Odocoileus hemionus columbianus), Espmark (1959) in roe deer 
(Capreolus capreolus), and Altmann (1958) in moose (Alces 
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alces). Spinage (1982) reported that marked waterbucK cows 
(Kobus defassa ugandae) always returned to the same spot to 
give birth; one did so for 3 consecutive years. 
Most dams in our study also demonstrated fidelity to a 
particular habitat type in selecting parturition sites - This 
result is notable because all doe home ranges contain®^ both 
woodland and pasture and the proportion of each did nOt seem 
to determine the doe's choice. Although fidelity to 
parturition site and habitat might be expected to be Jiighly 
correlated, dams never chose sites < 50 m away from tïie 
previous year's site. Habitat interspersion was great; we 
determined that most woodland and pasture sites (92%, n = 39) 
were within 60 m of the other habitat. Our data seemingly 
contradict reports by Michael (1964) and Cook et al. (1971) 
that birth among white-tailed deer is somewhat casual/ with 
little preparation except isolation from conspecifics-
Dam-fawn relations 
The complex behavior relations between ungulate ino-thefS 
and their offspring in the hider-type group represent orie of 
the most intricate strategies for infant protection. Lent 
(1974) points out that this strategy's success depends on 
coordinated behavior between infant and dam; the youn^ must 
choose "appropriate" resting sites and activity patteï^^s, and 
dams must allow the young to move away, remember the young's 
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location, and remain a "desirable" distance away. Byers and 
Byers (1983) argue also that dams must not transmit 
information about the fawn's position to potential predators 
through body orientation and activity. This is especially 
necessary for predators such as coyotes that prey heavily on 
young fawns and habitually watch dams to locate them (Garner 
and Morrison 1979, Litvaitis and Bartush 1980). Successful 
infant protection must be a careful balance between allowing 
them to remain hidden when it is safe to do so and actively 
protecting them when it is not. Dam-offspring distance, 
therefore, should vary both inter- and intra-specifically in 
relation to the dam's ability to detect danger to the 
offspring, the probability of dangerous encounters, the 
species composition of predators in the area and the dam's 
ability to defend the offspring from them, and habitat 
considerations such as the distribution of food and hiding 
cover. 
Dam-fawn association has been studied little for 
white-tailed deer. Hawkins and Klimstra (1970) reported that 
adult does in. southern Illinois were usually seen alone until 
early September, but associated with their fawns 72% of the 
time between October and February. Ozoga et al. (1982) 
reported association data for a family with triplet fawns and 
one with a single fawn that were monitored once daily the 
first 4 weeks and occasionally weeks 5-8. In the triplets. 
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dam-fawn association was 2% during the first 4 weeks, 18% in 
weeks 5-6, and 31% in weeks 7-8. Association between the 
single fawn and its dam was greater, 0% in weeks 1-2, 20% 
weeks 3-4, 24% weeks 5-5, and 54% weeks 7-8. 
Association in our study was comparable to that reported 
by Ozoga et al. (1982) in Michigan, although in our study, 
association was fairly constant at about 20% until after week 
8. Differences between results of their study and ours may be 
caused by innate differences in maternal behavior or 
behavioral differences resulting from artificiality inherent 
in the enclosed population that they studied. 
White-tailed deer fawns associate less with the dam and 
are integrated into her normal activity pattern at a greater 
age than young of other hider-type ungulates studied to date. 
Pratt and Anderson (1979) found that giraffe (Giraffa 
camelopardalis) calves were apart from the dam in 48% of 
sightings during the first month, 25% in month 2, and only 
3.5% in months 3 and 4. Red deer (Cervus elaphus) calves 
associated with their dams nearly 40% of the day during the 
first month and about 75% thereafter (Guinness et al. 1979). 
Espmark (1959) found that roe deer fawns and dams were 
associated in about 25% of observations during the first 
month, nearly 50% in the second month, and were totally 
associated by the end of the third month. 
Dam activity patterns should reveal nothing to potential 
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predators about the time elapsed since the previous fawn 
contact or the time to the next one (Byers and Byers 1983), 
and the time of day that contacts occur should not be 
predictable. If the predator could predict that dams were 
most likely to visit their fawns at certain times of the day, 
it could make decisions as to when to watch solitary females. 
White-tailed deer in our study associated with their 
fawns randomly with respect to time at all ages of the fawn, 
except during the first 4 weeks. For the first 4 weeks, 
nonrandomness was primarily the result of contact avoidance 
during the early evening, the period of peak coyote activity 
(Ozoga and Harger 1955, Gipson and Sealander 1972, Laundre' 
and Keller 1981, Woodruff and Keller 1982). 
The randomness of dam-offspring association by time has 
been studied little among the hider-type ungulates. Lent 
(1969) found that diurnal contact between red lechwe (Kobus 
leche leche) dams and calves was most frequent 0600-0900 and 
1500-1900, and infrequent 0900-1500. Spinage (1969) reported 
that diurnal visits by dam waterbuck to their calves occurred 
most frequently near 0930. 
To maximize protection of the fawn from potential 
predators, duration of contact by the dam should be inversely 
proportional to the fawn's vulnerability. As expected, the 
length of dam-fawn contact periods in our study was shortest 
during the first 4 weeks and then generally increased with 
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fawn age. Individual dams behaved very similarly during the 
first 6 weeks, but began to show individual differences 
afterwards; this may indicate selective pressure to minimize 
contact with fawns during the time when fawns are least able 
to escape predators. 
Similar selection pressure may also be evident in the 
difference between daytime and nighttime contact-period 
duration. Dams spent considerably less time with their fawns 
during daytime contact periods. If dams are less "visible" to 
potential fawn predators during nighttime hours, contact 
periods could be lengthened. Because Wells and Lehner (1978) 
found that coyotes mostly used vision to locate prey, and many 
researchers have found coyotes to be the major predator of 
deer fawns (Knowlton 1954, Cook et al. 1971, Trainer 1975, 
Garner et al. 1976, Smith and LeCount 1979, Dickinson et al. 
1980, Steigers and Flinders 1980, Bartush and Lewis 1981, 
Huegel et al. 1985b.), such a relation likely exists. 
Dam-fawn contact frequency is similar to other hider-type 
ungulates during the hiding period: pudu, Pudu pudu, 3/day 
(Vanoli 1967); reedbuck, Redunca redunca, 1-2/day (Jungius 
1970); waterbuck, 1-2/day (Spinage 1969); Uganda kob, Adenota 
kob, 2/day (Leuthold 1967); red lechwe, 2-3/day (Lent 1959); 
sitatunga, Tragelaphus spekii, 2-4/day (Walther 1964); greater 
kudu, T. strepsiceros, 3-5/day (Walther 1954); and lesser 
kudu, T. imberbis, 2-3/day (Walther 1954), but less than 
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"follower-type" (Lent 1974) ungulates such as caribou, >10/day 
(Lent 1955), and more precocial hider-type species: red deer, 
6/day (Bubenik 1965); roe deer, 6-7/day (Espmark 1959); and 
moose, 10/day (Knorre 1951). 
To minimize information to potential predators regarding 
the fawn's location, length of time between successive 
contacts should not be predictable. If the predator could 
predict the interval between contacts, it could make decisions 
on how long it had to watch a doe. Although length between 
contacts can not be totally random because of fawn feeding 
requirements and dam milk supply, it seemed that dams 
displayed as great a degree of unpredictability as possible. 
As might be expected, mean distance moved by fawns in 
association with the dam increased only slightly during the 
first 5 weeks, but greatly thereafter. Dams seemingly kept 
contact periods short during the first 5 weeks; fawns seldom 
traveled with them and never bedded with them. During weeks 
7-8, fawns occasionally traveled with the dam as she left the 
area of initial contact, but this behavior was not common 
until after week 12. 
Because the distance maintained by the dam from her fawn 
is a balance between reducing attention to the fawn's hiding 
place and remaining close enough to respond to dangerous 
situations, selection should favor maintenance of an optimal 
distance at all times of the day during the period,of greatest 
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vulnerability for the fawn. After fawns have reached a level 
of physical development allowing them a greater chance of 
escaping a predator without assistance, dams might be expected 
to vary the distance relationship. As expected, dam-fawn 
distance in Iowa was nearly constant during the first 4 weeks 
and did not change 0401-2000 between weeks 4 and 8. During 
most of the night (2001-0400) in weeks 5-8, however, dams 
frequently left their fawns for several hours at a time, 
seemingly to forage in crop fields. After week 12, no 
differences in distance by time period were evident (P > 
0.05), although mean time-period distances ranged from 158 m 
to 437 m, because of increased variability in the data. 
Bartush and Lewis (1978) reported that mean distance 
between white-tailed deer does and fawns during the first 18 
days postpartum was about 120 m and rarely > 200 m. Ozoga et 
al. (1982) found mean dam-fawn distance was about 140 m in a 
triplet litter during the first 28 days and 94-100 m during 
the next 28 days. Mean distance in a single litter was 130 m 
during the first 14 days, 100 m in days 15-28, 55 m days 
29-42, and 43 m days 43-55. Mean distances in our study were 
greater and did not decline until after week 12. Differences 
in our results and that of Ozoga et al. (1982) likely are 
influenced by the absence of prédation pressure and the 
artificially dense deer population within their enclosure. 
Dam-fawn distances in white-tailed deer seem comparable 
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to those of other hider-type ungulates, although data from 
most other studies primarily have been based on occasional and 
diurnal observations. Distance maintained by dams from their 
hiding young has been given as 30-300 m for Tule elk (Cervus 
canadensis nannodes) by McCullough (1959), > 500 m for Grant's 
gazelle (Gazella granti) by Walther (1965) and feral goats 
(Capra hireus) by Rudge (1970), 400-800 m for pronghorn 
(Antilocapra americana) by Einarson (1948) and Byers and Byers 
(1983), < 1.0 km for waterbuck by Spinage (1969), < 80 m for 
reedbuck by Jungius (1970), and 40 m for roe deer by Espmark 
(1969) . 
Sibling relations 
Intersibling distances during weeks 2-8 in our study were 
similar to those previously reported for white-tailed deer. 
White et al. (1972) reported that siblings were separated by 
20-200 yards (18-183 m) shortly after birth and mostly 
remained apart for "long periods of time" during the first 3 
weeks. Bartush and Lewis (1978) reported intersibling 
distances of 70-393 m (x = 195 m ± 101 SE) during the first 18 
days and Ozoga et al. (1982) reported distances in a triplet 
litter of 152 m at 1-14 days, 121 m at 15-28 days, 52 m at 
29-42 days, and 30 m at 43-55 days. The triplet fawns did not 
bed together until 28 days, but associated much more 
frequently thereafter. 
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Distance relations in our study remained fairly constant 
weeks 5-12, but were quite variable after week 12. Sibling 
association increased about the fourth week and remained 
nearly constant thereafter, but distances between them 
increased when fawns were apart after week 12. We interpret 
this result as evidence of an increase in fawn independence. 
A similar relationship was found by Espmark (1969) in roe deer 
just prior to the fawn's full integration into the dam' s 
normal activity pattern. 
Fawn activity and home range 
To our knowledge, activity patterns of young fawns 
previously have been described only by Jackson et al. (1972) 
for south Texas. They reported that fawns were active < 8% of 
the time during the first week, 10-15% during weeks 2-3, and 
about 20% by week 8. Mean number of activity periods in south 
Texas generally increased with age from about 1-2 daytime and 
0-1 nighttime during the first week to about 5 daytime and 2 
nighttime by week 8. Mean duration of south Texas 
fawn-activity periods increased slightly with fawn age from 
about 25 minutes in week 1 to 30-50 minutes in week 8. They 
found no difference in activity-period duration (P > 0.05) 
between male and female fawns to 20 days of age, but older 
male fawns were more active than females. Also, fawns of both 
sexes were nearly twice as active during daylight than during 
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nighttime hours. 
Fawn activity patterns calculated from our data were 
different in most respects from activity patterns reported by 
Jackson et al. (1972); differences in total activity may have 
been influenced by the differences in data collection. 
Because our method relied on movement between two distinct 
telemetry locations and locations were determined every 30-45 
minutes, it was not as precise, and may have exaggerated 
movement time. Overestimation of total activity may have been 
compensated for, however, because we did not discern activity 
that did not involve directional movement. Jackson et al. 
(1972) did not present information on percent activity not 
involving directional movement; therefore, we can not 
determine the relative bias of each factor. If we assume the 
maximum likely activity length bias (30 minutes) and no 
compensating bias for nondirectional activity, however, fawns 
in our study would still have been nearly twice as active as 
south Texas fawns during most weekly intervals. 
Iowa fawns did not increase the number of activity 
periods, but increased the mean length of each. During the 
first 3 weeks when sibling fawns bedded apart, contact with 
the dam generally lasted < 50 minutes and fawns did not follow 
her during her movement away. Fawns 3-8 weeks old normally 
bedded and interacted together. Although siblings at this age 
did not often follow the dam away from the contact area, they 
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often moved about together for 30-60 minutes after contact 
with her. This pattern changed after week 8 because fawns 
began to increase the frequency with which they accompanied 
the dam away from the initial contact area. It would seem 
that fawn activity independent of the dam peaks during the 
second month and then decreases as fawns begin adopting the 
activity patterns of their dams. 
Although Jackson et al. (1972) found young fawns to be 
most active during the day, fawns on our study area were most 
active during the hours nearest sunrise and preceding sunset 
and least active 0801-1500. Similar movement patterns have 
been reported for adult deer (Montgomery 1953); these patterns 
seem evident shortly after birth. Such movement patterns in 
young fawns may have developed as a response to prédation. 
Fawns should be least active during the daylight hours because 
they would be most visible. Although less easily seen during 
the nighttime, fawns should not maximize their movement during 
the night because predators such as coyotes are most actively 
hunting. Maximum movement should, therefore, occur during 
those hours immediately preceding full sunrise and sunset. 
No differences were evident in male and female fawn 
movement patterns during the first 10 weeks. Fawn movement 
during the first 3 weeks was often influenced by the dam, and 
after 3 weeks siblings moved together. Differences in 
movement patterns, therefore, were largely the result of 
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differences in individual dam behavior. Subtle differences 
between male and female siblings likely would be undetected 
with our method. 
Home range patterns of young white-tailed deer fawns have 
been reported by Kjos and Montgomery (1959), Logan (1972), 
Carroll and Brown (1977), Garner and Morrison (1977), Bartush 
and Lewis (1978), Bryan (1980), Ozoga et al. (1982), and 
Schulz (1982). Home range size is at least partly influenced 
by deer density (Ozoga et al. 1982) and habitat conditions 
(Carroll and Brown 1977); meaningful comparisons must consider 
these influences. Home range size in our study was comparable 
to those reported by Garner and Morrison (1977) and Carroll 
and Brown (1977) for relatively low density populations in 
semiarid habitat. Similarities to our study may result from 
similarly low deer densities and the patchiness of suitable 
fawn resting cover in our predominantly agricultural habitat. 
Family relations 
We observed and named four distinct periods in the 
development of relations between the dam and her fawns. The 
stimulation period is characterized by the intense stimulation 
of the fawns by the dam and close contact among all immediate 
family members during the first 24 hours postpartum. Although 
we did not collect data on the family during this period, past 
researchers (Haugen and Davenport 1950, Severinghaus and 
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Cheatum 1956, Colley 1957, Haugen and Speake 1957, Townsend 
and Bailey 1975) have described it in white-tailed deer and 
discussed its importance in early fawn development and in 
imprinting the dam to her offspring (see also White et al. 
1972). Close contact by siblings during this period may also 
enhance recognition and behavioral development in the fawns 
following their period of isolation (Bekoff 1981). 
Fawns > 24 hours old are normally kept apart until they 
are 3-4 weeks old. This family-isolation period is one part 
of the "abliegen" (Walther 1954) or hiding period reported for 
ungulate young and is characterized by near-total separation 
of the siblings and minimum contact between dam and young. 
Fawn activity is also minimized and nearly all of it occurs 
during contact with the dam or during short-distance movements 
to new resting sites. 
Family relations during the family-isolation period are a 
response to prédation pressure. Most fawns < 15 days old 
cannot outrun human capture (Robinette and Gashwiler 1950, 
Downing and McGinnes 1959, Cook et al. 1971), and we think it 
is unlikely they could consistently avoid predator capture 
before 20-30 days. Fawn activity, therefore, is a balance 
between necessary movement to feed and shift bedsites and the 
necessary inactivity to avoid capture and conserve energy for 
maximal physical growth. Dam activity maintains maximal 
security of the fawns. Although dams could conserve movement. 
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and possibly reduce predator detection, if both fawns bedded 
together during the first 3 weeks, detection of the fawn 
resting site likely often would result in the death of both 
fawns at this age. 
After weeks 3-4, sibling fawns are frequently associated, 
but dam-fawn association remains infrequent until after week 
8. This sibling-contact-doe-isolâtion period comprises the 
remainder of the hiding period in white-tailed deer. This 
period is characterized by greatly increased sibling contact, 
fawn activity, and fawn movement independent of the dam. Dam 
contact behavior does not change noticeably, but dams 
frequently travel farther away from their fawns in the evening 
hours. 
Changes in family relations during this period can also 
be viewed as responses to prédation pressure. Siblings may 
better detect predators through increased vigilance by bedding 
together and they have reached a level of physical development 
that increases their chance for escape if detected. During 
this period, it is not as likely that both fawns would be 
killed if discovered by a single predator. Dams might best 
reduce the risk of attracting the notice of potential 
predators by reducing movement time and contacting fawns 
simultaneously. Because fawns are still vulnerable to 
predators, dam-fawn contact time should remain minimal. 
After 2 months, fawns begin the transition from relative 
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isolation to incorporation into adult behavior patterns, the 
fami1y-contact period. Fawns begin to increase their 
association with their dams, and families increasingly move 
together. As seen by an examination of our data, 
incorporation of fawns into cohesive family groups is a slow 
process. Increasing fawn independence, especially by male 
fawns, tends to retard the development of family cohesiveness 
concurrent with the assimilation of group behaviors that will 
last until parturition occurs the following year. 
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INTRODUCTION 
The complex behavioral relations between "hider-type" 
(Lent 1974) ungulate mothers and their offspring represent one 
of the most intricate strategies for infant protection from 
prédation. Success of the hiding strategy depends on 
coordinated behavior between infant and dam. The infant must 
choose "appropriate" resting sites and activity patterns; dams 
must allow the infant to move away, remember the infant's 
location, and remain a "desirable" distance away. 
Most studies of ungulate infants have examined behavior 
in terms of maternal relations. Few studies have reported 
infant activity patterns or the infant's choice of bedsites. 
That the hider-type infant chooses its bedsite has been 
determined by Walther (1954) in several kudu (Tragelaphus 
spp.) species, Walther (1965) in Grant's gazelle (Gazella 
granti), Bubenik (1965) in red deer (Cervus elaphus), Schaller 
(1957) in blackbuck (Antilope cervicapra), Espmark (1959) in 
roe deer (Capreolus capreolus), McCullough (1969) in Tule elk 
(Cervus canadensis nannodes), Jungius (1970) in reedbuck 
(Redunca redunca), White et al. (1972) in white-tailed deer, 
and Autenrieth and Fichter (1975) in pronghorn (Antilocapra 
americana). The factors, if any, that may influence the 
infant's choice have not been well studied. Because infants 
select bedsites, their choices likely are important in 
determining their vulnerability to visually searching 
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predators such as coyotes (Canis latrans) (Wells and Lehner 
1978) or spotted hyena (Crocuta crocuta) (Estes and Estes 
1979). Our objective was to determine whether white-tailed 
deer fawns select bedsites at random and, if not, to describe 
vegetative and phvsical factors associated with the selection. 
We thank B. A. Fistler, V. A. Huegel, S. Johnson, J. A. 
Layton, and M. K. Olson for field assistance and numerous 
individuals who searched for fawns. This research was 
supported by the Iowa Conservation Commission (Federal Aid in 
Wildlife Restoration Fund, Project W-115-R) through the Iowa 
Cooperative Wildlife Research Unit (U. S. Fish and Wildlife 
Service, Iowa Conservation Commission, Iowa State University, 
and Wildlife Management Institute, cooperating). Journal 
Paper No. J-11678 of the Iowa Agriculture and Home Economics 
Experiment Station, Ames; Project 2404. 
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STUDY AREA 
The 870-km^ study area, located in south-central Iowa, 
consists of rolling topography with flat, narrow ridges 
separated by deeply cut drainages. Mean annual precipitation 
is 85.6 cm (about 12% as snow), and average growing season is 
245 days (Iowa Development Commission 1983). Nearly all land 
area is used for agriculture and consists of 53% grain 
production (mostly corn and soybeans), 36% hay and pasture, 
and 11% small woodlots. Most pastures and woodlots are 
grazed. Topography often limits cash-grain field size and 
results in greater interspersion of land-use types than found 
in central and northern Iowa. Most timbered areas are <20 
ha, but Stephens State Forest occupies 1,700 ha in the 
northeastern part of the study area. 
Woodlot timber consists mainly of oak-hickory 
(Quercus-Carya spp.) hardwoods. Riparian woodlands also 
include elm (Ulmus rubra). Dominant shrubs are dogwood 
(Cornus racemosa), hazel (Corylus americana), sumac (Rhus 
glabra), coralberry (Symphoricarpos orbiculatus), and 
gooseberry (Ribes spp.). Common woodland forbs are 
arrow-leaved aster (Aster saggitifolius), honewort (Deringa 
canadensis), avens (Geum spp.), black snakeroot (Sanicula 
marilandica), and bedstraw (Galium spp.). Common pasture 
forbs are heath aster (Aster pilosus), wild bergamot (Monarda 
fistulosa), goldenrod (Solidago spp.), sunflower (Helianthus 
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spp.)/ ironweed (Vernonia baldvini), tall tickseed (Coreopsis 
tripteris), and ragweed (Ambrosia artemisiifolia, A. trifida). 
Common grasses are bluegrass (Poa spp.)/ prairie panic grass 
(Panicutm spp.), big bluestem ( Andropogon gerardi ), and timothy 
(Phleum pratense). Scientific names of plants follow 
nomenclature in Gleason and Cronquist (1953). 
Deer densities were estimated at 1.1-2.1 deer/km^ from 
aerial surveys by the Iowa Conservation Commission. Fawn 
mortality to 180 days postpartum is about 27% (Huegel et al. 
1985a), mostly from coyote prédation. 
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METHODS 
Fawns were captured 19 May-19 June 1980-82 and fitted 
with expandable radio collars (Huegel et al. 1985b). Age of 
captured fawns was determined from physical and behavioral 
characteristics (Haugen and Speake 1958). Radio-collared 
fawns were located biweekly between 2 and 12 weeks of age, 
when possible, and then flushed from their diurnal bedsites. 
Temperature was measured 15 minutes after fawn flush with a 
hand-held thermometer at 1.5 cm and 2 m directly above the 
bedsite and at 1.5 cm above the ground at 5 m and 10 m away 
from the bedsite in cardinal directions. Temperature 2 m 
above the bedsite was considered the ambient temperature. The 
bedsite was marked and additional measurements were taken 2-5 
days later. 
Additional measurements recorded were percentage cover 
and mean height of individual plant species, percentage canopy 
cover of nonsapling trees, and aspect. Most plants were 
identified by species except that species difficult to 
differentiate when not in flower were grouped. Unknown plants 
were collected and identified later. 
Percentage cover was determined by visually estimating 
canopy coverage of individual species or species-groups in 
20x50-CKI (1/10 m^) rectangular frames (Daubenmire 1959). 
Coverage was estimated to the nearest 10%; plant species 
covering < 7.5% of the frame were recorded as 5%. Percentage 
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cover at the bedsite was determined by using one frame placed 
over the impression in the vegetation made by the bedded fawn. 
Percentage cover at sites surrounding the bedsite was measured 
by using four 10-frame transects in cardinal directions from 
the bed. The beginning of each transect was randomly chosen 
within 50 cm of the bed, and the frame's 50-cm sides were 
aligned parallel to transect direction. Distance between 
successive frames was 50 cm; transect length, therefore, was 
about 10 m. 
Mean height of each plant species was measured with a 
tape measure at the bed and at the fifth (F5) and tenth (FIO) 
frame in each transect. When more than five plants of a 
species occurred in a frame, mean height was estimated by 
measuring the plant that seemed average within the frame. 
Each species or species-group was also assigned to one of 
nine plant-type groups based on life form and, in some 
instances, mean height of the mature plant given in Gleason 
and Cronquist (1963). Plant-type groups were: short grasses 
and graminoids (< 30 cm), tall grasses (> 30 cm), short forbs 
(S 30 cm), medium forbs (30-120 cm), tall forbs (> 120 cm), 
herbaceous vines and vine-likes, woody vines, shrubs, and 
sapling trees. 
Plant-type mean and total percentage cover and mean and 
total height were calculated per frame from individual species 
within each plant type; mean values for the area surrounding 
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the bedsite were then calculated for the five frames in each 
transect nearest the bedsite (Rl) and the five frames in each 
transect farthest from the bedsite (R2). 
Vegetation density was measured with a 3.5-m-tall 
vegetation profile board (Nudds 1977), divided into seven 
alternating black and white 0.5-m sections. Density was read 
3 m from the board at 1 m above the ground in each cardinal 
direction. Each of the seven boârd sections was recorded as 
observed or visible. Sections that were partly obscured were 
recorded as visible if less than half was obscured. Density 
was measured at the bedsite and at each F5 and FIO. 
Nonsapling trees were defined as any woody species whose 
trunk diameter at breast height was at least 12 cm. Canopy 
coverage of nonsapling trees was measured by recording cover 
of each species along a 10-m line transect from the middle of 
the bedsite in cardinal directions. 
Dominant aspect at the bedsite was recorded as: level, 
north-, south-, east-, or west-facing. For analysis, aspects 
were characterized as level, slopes facing the sun 
(south-facing, east-facing 0700-1200, west-facing 1201-1700), 
or slopes facing away from the sun (north-facing, west-facing 
0700-1200, east-facing 1201-1700). 
Differences in mean percentage cover of individual 
species, total percentage cover, mean height of individual 
species, and total height were tested by analysis of variance 
Ill 
(ANOVA) for each plant type. Plant density differences were 
also tested by ANOVA. Comparisons were made between bedsites 
and R1 and R2 separately and between R1 and R2. Differences 
were considered significant when probability levels were < 
0.05. When no differences existed between R1 and R2, data 
were combined, and comparison made only between the bed and 
surrounding area. 
Temperature data were analyzed by paiTed t-tesc between 
the bedsite, surrounding area, and ambient temperature. 
Bedsites were grouped into three categories based on ambient 
temperature. Warm-day (> 29.5 C) and cool-day (< 24 C) 
bedsites were defined as bedsites with ambient temperatures in 
the upper or lower 20% encountered; average-day bedsites 
included the remaining 60%. The influence of temperature on 
bedsite selection was analyzed by ANOVA comparing vegetative 
and physical factor differences between warm-, cool-, and 
average-day bedsites. 
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RESULTS 
A total of 100 bedsites of 35 fawns was sampled, and 229 
plant species and species-groups were recorded (6 short 
grasses, 12 tall grasses, 31 short forbs, 90 medium forbs, 30 
tall forbs, 16 herbaceous vines, 4 woody vines, 11 shrubs, 29 
saplings). Fawns < 2 weeks old occasionally were captured 
while bedded in grass pasture, but older fawns bedded only in 
shrubby pasture or woodland with no preference (P > 0.05) 
between the two habitat types. 
Vegetative factors associated with bedsite selection 
Individual plant species We saw no evidence that 
fawns selected bedsites because of the presence of rare 
plants; therefore, data were analyzed for each of the 35 plant 
species (3 short grasses, 3 tall grasses, 2 short forbs, 13 
medium forbs, 5 tall forbs, 3 herbaceous vines, 1 woody vine, 
5 shrubs, 1 sapling) occurring in > 5% of the 4,100 frames to 
determine if fawns selected bedsites by individual plant 
species composition. Frequency at the bedsite did not differ 
(P > 0.05) from that at R1 and R2 for any of the 35 species. 
Data were further analyzed to determine if mean 
percentage cover or height of individual species differed 
between bedsites and R1 or R2 separately and between R1 and 
R2. No relation was evident for mean percentage cover. Among 
the 35 species, only one medium forb (goldenrod) and one woody 
113 
vine (Virginia creeper, Parthenocissus quinquifolia) had 
different (less) mean percentage cover at the bedsite than at 
R1 and R2. Differences in mean height of nine species seemed 
mostly influenced by plant-type. The mean heights of two 
short grasses (bluegrass and early-branching panic grass, 
Panicum praecocius), two short forbs (wild strawberry, 
Fragaria virginiana) and (violet, Viola spp.), and one medium 
forb (goldenrod) were shorter at the bedsite. Iwo tall torbs 
(cup plant, Silphium integrifolium and sunflower) and two 
shrubs (hazel and sumac) were taller at the bedsite. 
Plant types Vegetative cover of plant types at fawn 
bedsites differed from surrounding areas (Table 1).Mean 
percentage cover of individual short grass, tall forb, shrub, 
and sapling species was greater, and mean percentage cover of 
individual short forb and medium forb species was less, at 
bedsites. Bedsites were also characterized by greater total 
percentage sapling cover and less total percentage cover of 
tall grasses, short forbs, medium forbs, herbaceous vines, and 
woody vines than at surrounding areas. Total percentage shrub 
cover at bedsites did not differ from Rl, but both were 
greater than at R2. 
Plant-type heights at fawn bedsites also differed from 
surrounding areas (Table 2). Mean height of individual 
herbaceous vine, shrub, and sapling species was greater, and 
mean height of individual short forb and medium forb species 
114 
Table 1. Mean and total percentage cover of nine plant 
types at bedsites and in surrounding areas for 
white-tailed deer fawns in south-central Iowa, 
1980-82. SGRS = short grasses and graminoids 
30 cm), TGRS = tall grasses (>30 cm), 
SFRB = short forbs 30 cm), MFRB = 
medium forbs (30-120 cm), TFRB = tall forbs 
vine-likes, (> 120 cm), HVNE = herbaceous vines 
and WVNE = woody vines, SHRB = shrubs, and 
TREE = sapling trees 
Mean percentage cover Total percentage cover 
Plant Surrounding Surrounding 
type Bedsite area P Bedsite area P 
SGRS 69.4 53.1 0.03 75.2 67.7 0.32 
TGRS 41.5 37.0 0.36 50.2 78.9 0.04 
SFRB 9.9 14.1 0.02 11.7 22.3 0.02 
MFRB 16.2 20.2 <0.01 21.0 48.8 <0.01 
TFRB 39.5 26.0 0.01 46.7 53.8 0.53 
HVNE 18.3 19.5 0.74 19.4 42.0 <0.01 
WVNE 12.8 19.3 0.09 13.4 27.1 <0.01 
SHRB 62.4 54.3 <0.01 76.0 55.9 0.07 
TREE 67.1 34.2 <0.01 81.7 34.8 <0.01 
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Table 2. Mean and total height (cm) of 9 plant vypes at 
bedsites and in surrounding areas for 
white-tailed deer fawns in south-central Iowa, 
1980-82. SGRS = short grasses and graminoids 
30 cm), TGRS = tall grasses (>30 cm), 
SFRB = short forbs (:S 30 cm), MFRB = medium 
forbs ( 30-120 cm), TFRB = tall forbs ( > 120 cm) 
HVNE = herbaceous vines and vine-likes, WVNE = 
woody vines, SHRB = shrubs, and TREE = sapling 
trees ' ?-
Mean height Total height 
Plant Surrounding Surrounding 
type Bedsite area P Bedsite area P 
SGRS 13.9 
O
 
H
 o
 
o
 
00
 CO H
 16.5 0.52 
TGRS 57.3 47.4 0.42 68.0 88.1 0.25 
SFRB 10.3 20.1 < 0.01 11.1 27.7 < 0.01 
MFRB 32.4 41.6 < 0.01 42.0 119.6 < 
H
 
O
 
d 
TFRB 107.6 71.9 0.39 130.8 119.9 0.69 
HVNE 43.2 41.1 0.05 
CO ro «J* 
00
 
H
 
0.03 
WVNE 26.0 22.4 0.51 30.3 27.7 0.76 
SHRB 134.1 89.9 < 0.01 164.9 102.5 < O
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TREE 173.3 91.4 < 0.01 202.2 97.3 < 
H
 
O
 
d 
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was less, at bedsites. Total height of shrubs and saplings 
was greater and total height of short and medium forbs and 
herbaceous vines was less at bedsites than at surrounding 
areas. 
Plant density Fawns seem to respond to plant density 
when selecting bedsites (Table 3). Density within 1.0 m above 
the ground did not differ between the bedsites and R1 or R2, 
but plant density above 1.0 m from the ground was greater at 
the bedsite. Also, plant density above 1.5 m from the ground 
at R1 was greater than at R2. 
Tree canopy cover Fawns selected most bedsites (77%) 
in areas with nonsapling-tree canopy cover. For those 
bedsites, the mean percentage canopy cover of nonsapling trees 
was greater at the bedsite than in the surrounding area (t = 
4.59, P < 0.001). No difference between R1 and R2 was 
evident. 
Physical factors associated with bedsite selection 
Temperature Bedsites frequently were cooler than 
ambient temperature and the temperature of the surrounding 
area (Table 4). On days when ambient temperature was average, 
bedsites were cooler than ambient (t = 4.37, P < 0.001), but 
not cooler than surrounding areas (t = 1.85, P = 0.07). When 
ambient temperatures were warm, bedsites were cooler than 
ambient (t = 6.20, P < 0.001) and surrounding area 
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Table 3. Mean percentage density by cover board height at 
bedsites and in surrounding areas for 
white-tailed deer fawns in south-central Iowa, 
1980-82 
Mean density Mean density 
Board height 
(m) Bedsite 
Surrounding 
area P R1 R2 P 
0.0-0.5 98 98 0.88 98 97 0.42 
O.b-1.0 96 95 0.Z8 95 94 0.36 
1.0-1.5 94 88 < 0.01 89 86 0.06 
1.5-2.0 92 79 < 0.01 82 77 0.02 
2.0-2.5 85 71 < 0.01 74 68 0.01 
2.5-3.0 80 65 < 0.01 69 61 < 0.01 
3.0-3.5 78 61 < 0.01 65 56 < 0.01 
ILS 
Table 4. Mean ambient, bedsite, and surrounding-area 
temperatures taken on relatively warm, average, 
and cool days in south-central Iowa, 1980-82. 
Means in same column bearing different letters 
differ (P < 0.05) 
Day class 
Temperature 
location Warm Average Cool 
Ambient 31.3 
Bedsite 29.9 
Surrounding 
area 31.6 
± 1.7 A 26.8 ± 2.1 
± 1.6 B 26.2 ± 1.9 
± 1.7 A 26.5 ± 2.2 
A 22.4 ± 2.2 A 
B 22.3 ± 2.2 A 
B 23.1 ± 2.3 B 
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temperatures tt = 4.66, P < 0.001). On cool days, however, 
bedsite and ambient temperatures were similar and cooler than 
the surrounding area. 
Comparison was made between warm-, average-, and cool-day 
bedsites to determine if ambient temperature was related to 
bedsite vegetation characteristics. No differences were 
evident for cover or height variables in any of the nine plant 
types. Temperature was related to plant density, however. On 
warm days, fawns selected bedsites with denser vegetation 
above 1.5 m from the ground than on cool days. No density 
differences were evident between warm- and average-day or 
between cool- and average-day bedsites. 
Aspect Aspect was not randomly associated with 
bedsite selection (Table 5). When ambient temperature was > 
24 C (average and warm days), fawns selected a greater 
proportion of their bedsites on slopes facing away from the 
sun, but on cool days fawns selected more of their bedsites on 
slopes facing the sun. 
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Table 5. Aspect of white-tailed deer fawn 
bedsites by relative ambient 
temperature, south-central Iowa, 
1980-82. Shaded aspects are 
north-facing, east-facing (1201-1700), 
and west-facing (0700-1200). Sunny 
aspects are south-facing, east-facing 
(0700-1200), and west-facing 
(1201-1700). Bedsite groups differed 
if the letters were different 
(P < 0.05) 
Aspect 
Ambient 
Temperature Shaded Sunny No slope 
Warm A 10 6 4 
Average A 23 21 10 
Cool B 1 14 5 
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DISCUSSION 
Fawns selected bedsites in different habitats seemingly 
irrespective of individual plant species composition, but 
bedsite vegetation structure was similar among beds and 
differed from the structure found in surrounding areas. In 
general, fawns chose bedsites with more woody cover and less 
medium- to short-growing forb and vine cover than in 
surrounding areas. The structure that they selected resulted 
in greater visual concealment and generally cooler 
temperatures at the bedsite. 
Kjos and Montgomery (1969) and Garner et al. (1979) 
reported lower incidences of woody cover at white-tailed deer 
fawn bedsites than we found in our study, but they did not 
sample surrounding sites for comparison. The importance of 
shrub cover to pronghorn fawns was reported by Pyrah (1974) in 
Montana, Autenrieth and Fichter (1975) in Idaho, and Tucker 
and Garner (1983) in west Texas. Barrett (1981) did not 
consider shrub cover important to pronghorn fawns in Alberta, 
although he reported that they often chose bedsites in 
depressions or adjacent to vertical objects. Walther 
(1958:110) reported that gazelle (Gazella spp.) fawns 
maximized their concealment in short grasslands by also 
selecting bedsites in depressions near vertical objects. 
Fawns seemingly respond to horizontal and vertical cover 
stimuli when selecting bedsites. Bedsite choice, however. 
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must be considered relative to other sites not chosen by the 
fawn. Iowa deer fawns never were observed to bed in habitat 
as limited in shrub and forb cover as reported in southwestern 
Oklahoma (Garner et al. 1979). Fawns in both areas, however, 
may use similar cover-selection criteria relative to the 
available habitat. It seems inadequate to limit bedsite 
comparisons to plant-type composition because selection 
pressures likely have resulted in similar bedsite selection 
strategies among fawns living in varied plant communities. 
The relative importance of vegetation structure and 
temperature on bedsite selection is uncertain. Because both 
variables are correlated, we could not completely separate the 
two effects. Both, however, seem involved in bedsite 
selection. 
Ambient temperature was not associated with plant-type 
cover and height or nonsapling-tree canopy cover at the 
bedsite, but it was associated with bedsite plant density and 
aspect. Plant density at bedsites and their surrounding areas 
increased with increasing ambient temperature, although fawns 
invariably chose bedsites in the densest part of that habitat. 
This relationship may explain why differences between the 
bedsite and the surrounding-area temperatures were greatest 
when ambient temperature was either relatively cool or warm; 
temperature extremes result in maximum difference between 
bedsite and surrounding-area plant density. 
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Tne fawn's selection of aspect also seems to be a 
function of ambient temperature. Cool-day bedsites were more 
likely located on slopes providing maximum solar radiation. 
On average and warm days, however, slopes receiving the most 
sunshine were generally avoided. Fawns seemingly monitor 
temperature and select sites on the basis of thermal comfort 
within the constraints of selecting sites for maximum 
concealment. 
Presumably, young ungulates must be selective in their 
choice of bedsites for the hiding strategy to be successful in 
the presence of prédation pressure, and selective advantages 
are given those infants most concealed. Plant species found 
at bedsites are likely unimportant except within the context 
of concealment. In rangelands where shrub cover is often 
limited, fawns select bedsites with markedly different 
compositions than do woodland fawns (Garner et al. 1979). 
Although fawns in both habitats may respond similarly to 
habitat stimuli, their ability to effectively conceal 
themselves may vary and result in marked regional differences 
in predator-induced mortality such as we observed in 
white-tailed deer fawns (Huegel et al. 1985a). Habitat 
management should, therefore, involve the maintenance and 
enhancement of concealment cover that is regionally 
appropriate. 
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SUMMARY AND DISCUSSION 
Given the high fecundity of Iowa deer fawns (Haugen 
1975), fawn mortality alone is not responsible for the annual 
harvest decline of fawns:doe between 1972 and 1975. Causes 
and rates of Iowa fawn mortality were similar to calculations 
based on Missouri studies (Bryan 1980; Giessman and Dalton 
1981, 1982); mortality at 180 days postpartum in Iowa was 
about 27% and nearly 75% of total mortality was caused by 
predators. Nearly 57% of predator-induced deaths was caused 
by coyotes and they killed fawns during all 30-day periods to 
150 days. 
Contrasts between midwestern and western fawn mortality 
patterns primarily are the result of differences in fawn 
mortality rates. Although western fawn mortality rates are 
generally higher than midwestern estimates, the primary 
mortality factor, coyote prédation, was similar between the 
two regions. With few exceptions (Bolte et al. 1970, Logan 
1972), coyote prédation caused at least 50% of fawn deaths 
observed in western white-tailed deer studies (Cook et al. 
1971, Beasom 1974, Garner et al. 1975, Carroll and Brown 
1977, Bartush and Lewis 1981, Stout 1982). Coyote prédation 
of fawns, therefore, seemingly regulates many deer populations 
in regions of Texas and Oklahoma, but does not regulate those 
in Iowa and other midwestern populations studied to date. 
With prédation pressure from visually searching predators 
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such as coyotes, success of the hider strategy depends on the 
dam's and fawn's abilities to minimize the information they 
transmit about the fawn's hiding place (Byers and Byers 1983). 
Spatial relations between the dam and her fawns and between 
the fawns themselves, and the fawn's movement patterns and 
bedsite choices will be the primary factors that determine the 
amount of information available to the predator. 
Behavioral patterns observed in this study correspond 
with those expected to reduce fawn mortality from prédation. 
Dams only associated with their young fawns about 20% of the 
day and had short contact periods. Both timing and duration 
of contact periods were generally constant until fawns were > 
6 weeks old and were presumably better able to escape predator 
attack. The time when contacts occurred and the length of 
time between successive contacts was unpredictable, thus 
possibly limiting the predator's ability to predict optimal 
times to observe does. Dam-fawn distance was not related to 
time of day during the first 4 weeks postpartum and was 
relatively constant until after 8 weeks. Variation in 
dam-fawn distance generally occurred at time periods and fawn 
ages when the fawns would be least susceptible to coyote 
attack. 
Sibling fawn relations were also a response to prédation 
pressure. Fawns < 4 weeks old rarely interacted and were 
often separated by > 100 m. Because of the fawn's greater 
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vulnerability during this period, isolation of the siblings 
would reduce the likelihood that both fawns would be killed. 
Fawns > 4 weeks old associated more frequently, and 
interaction at this age may increase their ability to detect 
and escape predators. 
Fawn movements increased with fawn age and presumably 
with their ability to escape predators. Most movements of 
young fawns were < 45 minutes in duration, involved distances 
< 80 m, and were associated with dam contact or shifts in 
bedsites. Older fawns frequently made longer moves, often 
without the dam, and these movements frequently were > 60 
minutes in duration. Fawn activity was not random by time of 
day. Fawns moved primarily during those hours when coyotes 
would be least likely to be active. 
Fawns were selective in their choice of bedsite, and 
generally chose sites with the greatest horizontal and 
vertical cover. Bedsites differed from the area surrounding 
them by having greater woody cover and less medium- and 
low-growing forb cover. Bedsites also had greater nonsapling 
•tree canopy cover than other areas. The temperature at 
bedsites were cooler than at other sites when ambient 
temperatures were relatively warm and cool, but did not differ 
for average temperatures. 
Ambient temperature was not associated with plant-type 
cover and height or nonsapling tree canopy cover at the 
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bedsite, but was related to bedsite density and slope. 
Density of habitat at and surrounding the bedsite generally 
increased with temperature and the selection of slope changed 
from primarily east- and south-facing slopes on the coolest 
days to west- and north-facing slopes on average and 
relatively warm days. Bedsite choice, therefore, is seemingly 
related to ambient temperature, but selection is made within 
the selection pressure contraints of minimizing the fawn's 
visibility to predators. 
Although conclusions have been made regarding the 
individual papers that compose this dissertation, the whole of 
the study lends itself to further discussion and speculation. 
Fawn mortality rates reported in typical midwestern deer herds 
are generally half of those reported in the semiarid West, but 
the relative importance of coyote-induced mortality is quite 
similar between the two regions. Differences in fawn 
mortality rates seem primarily to be the result of a greatly 
increased prédation rate on fawns < 30 days old in western 
areas. 
Several explanations have been proposed to explain 
variation in fawn mortality rates caused by prédation. 
Knowlton (1976) suggested that precipitation in the year 
preceding conception influenced the gross productivity of 
white-tailed deer in south Texas through its effects on forage 
production and dam nutritional status, and Salwasser et al. 
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(1978) concurred with this explanation for their observations 
of fawn production in California black-tailed deer (Odocoileus 
hemionus columbianus). 
A relationship between survival of ungulate young and the 
dam's level of nutrition during late pregnancy has been 
clearly established (Verme 1962, 1965, 1977; Murphy and Coates 
1965; McEwan and Whitehead 1972; Mitchell and Lincoln 1973; 
Thorne et al. 1976), but this relationship is not useful to 
explain the different survival rates observed in western and 
midwestern fawn mortality studies. Severe undernutrition of 
the doe prior to parturition would affect fawn survival by 
reducing fawn birth weight (McEwan and Whitehead 1972, Thorne 
et al. 1976, Verme 1977) and the dam's ability to lactate 
(Thomson and Thomson 1953, Verme 1962, Murphy and Coates 
1966), and should influence fawn sex ratios (Verme 1983). 
Fawn sex ratios and birth weights do not seem to be 
substantially different between midwestern and western 
studies. Fawns dying of nutritive failure are likely to die 
within a few days of birth (Verme 1962, McEwan and Whitehead 
1972) and would likely not be sampled by researchers prior to 
death. The large number of seemingly healthy fawns available 
to western researchers precludes the importance of nutritive 
failure in these areas. 
A second explanation for regional differences in fawn 
mortality is a difference in predator density. Beasom (1974) 
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showed that predator control increased fawn recruitment in 
south Texas, and Stout (1982) concurred with his results for 
Oklahoma. Although major reductions in coyote density are 
likely to reduce the level of prédation on fawns, the 
relationship between moderate and small changes in coyote 
population density and fawn mortality are not well-documented. 
Hamlin et al. (1984) monitored coyote numbers and mule deer 
(Odocoileus hemionus) fawn mortality in south-central Montana 
and found no significant linear relationship between them. 
Because of the territorial nature of coyotes during the spring 
(Pyrah 1984), coyote density may not differ greatly between 
regions where coyotes are well established and not heavily 
exploited. 
A third explanation for regional differences in fawn 
mortality rates is that greater alternate-prey densities will 
reduce prédation on fawns. Although it has been shown among 
certain predators that local population eruptions of one prey 
species may reduce prédation on another (Rusch et al. 1972), a 
similar relationship between coyotes and their prey is 
uncertain. Hamlin et al. (1984) found no significant linear 
relationship between fawn mortality rates and the population 
levels of deer mice (Peromyscus maniculatus), jack rabbits 
(Lepus townsendii), or cottontail rabbits (Sylvilagus 
nuttallii), but a relationship between fawn survival and 
microtine (Microtus spp.) populations was evident. 
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Differences in alternate-prey abundance are not likely to 
be largely responsible for regional differences in coyote 
prédation on fawns, unless mean availability of alternate prey 
relative to the availability of fawns differs greatly between 
western and midwestern habitats. Such a relationship has not 
been verified. The relationship between microtine abundance 
and fawn survival observed by Hamlin et al. (1984) may also 
have been an artifact of changes in habitat factors which 
simultaneously favored microtine population increases and fawn 
survival. Hamlin et al. (1984) argued that the relationship 
they observed between forb yield and fawn survival was the 
result primarily of the influence of habitat change on 
microtine populations. It seems just as likely that fawn 
survival and microtine population growth were both correlated 
to habitat variables that were not directly measured. 
The opportunistic nature of the coyote's food habits have 
been well-documented. Because coyotes seem to feed primarily 
on food items that are most energy cost efficient, the 
coyote's prédation of fawns is likely not the result of 
alternate-prey abundance, but the likelihood of finding and 
capturing fawns. This subtle difference has important 
implications for explaining regional differences in coyote 
prédation of young fawns. 
In areas with similar fawn density, the coyote's ability 
to find young fawns will largely result from the effectiveness 
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of dam and fawn behavioral patterns to minimize the transfer 
of information to coyotes regarding the fawn's hiding place. 
Results from behavioral studies in this dissertation indicate 
that dam and fawn behavior are well-adapted to favor fawn 
survival from coyote prédation, but the relative effectiveness 
of this behavioral strategy will likely change with changes in 
habitat openness. 
In the semiarid West, the most commonly used method of 
fawn capture is based on observing does from elevated areas 
and platforms. Does are monitored by human observers until 
they contact their fawns, and, following contact, a crew is 
directed to the area of the bedded fawn. Although effective 
in open habitat, this fawn-capture method is not practical in 
midwestern farmland-woodland habitat because does are not 
easily observed. A similar relationship between fawn capture 
and observability of the dam may also apply for coyotes. 
Wells and Lehner (1978) showed that coyotes rely primarily on 
vision to locate prey. By observing interactions between 
coyotes and postpartum does. Garner and Morrison (1979) and 
Litvaitis and Bartush (1980) found that coyotes frequently 
watch does in an effort to locate fawns. Thus, dam behavior 
in semiarid open habitat may be less effective in maintaining 
the secrecy of the fawn's hiding place from observant 
predators than it would be in the more closed habitats of the 
Midwest. 
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Bedsites selected by fawns in semiarid regions may also 
be less effective in hiding the fawn from predators than in ' 
typical midwestern habitats. Smith and LeCount (1979) 
reported that mule deer fawn survival in Arizona was related 
to precipitation in the months preceding parturition, and that 
this precipitation was also correlated to forb yield. Smith 
and LeCount (1979) found, however, that forb yield was not 
related to fawn survival in a predator-free enclosure. They 
concluded that forb yield outside the enclosure influenced 
fawn-hiding cover and subsequent mortality from predators. 
Beasom (1974) and Carroll and Brown (1977) also presented 
evidence that coyote-induced fawn_mortality was related to 
forb yield. 
The relationship between fawn hiding cover and 
predator-induced fawn mortality was refuted by Hamlin et al. 
(1984) because they felt there was no evidence that poor 
fawn-hiding cover influenced fawn mortality rates on their 
Montana study area. They reported, however, that there was no 
difference in the visual cover surrounding fawn bedsites 
between years of nearly equally low fawn mortality, but 
markedly different forb yields. No comparative estimates of 
bedsite visual cover were presented for years of greater fawn 
mortality. 
Because fawns < 30 days old spend most of their day alone 
and nearly motionless at bedsites, it seems likely that 
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bedsite hiding cover influences the predator's ability to 
detect fawns. In rejecting the importance of fawn bedsite 
cover on predator-induced mortality, Hamlin et al. (1984) 
failed to consider the implications of their observation that 
fawns maintained bedsite hiding cover and low mortality during 
variable vegetative growing conditions in 1978-80 by shifting 
habitat use. 
Bedsite selection may not have to differ between habitats 
for habitat to greatly influence fawn mortality. If dam 
behavior is less effective in maintaining the secrecy of the 
fawn's hiding location from predators in certain habitats, the 
fawn's abilities to conceal itself would be less important. 
The influence of habitat on fawn mortality must be considered, 
therefore, as it affects both the dam's and fawn's abilities 
to conceal the bedsite location. 
No single factor likely is responsible for determining 
predator-induced fawn mortality rates in all instances, and 
this study clearly shows the need for future comparative 
studies in different habitats within the geographic range of 
the white-tailed deer. Until there are representative data on 
fawn mortality and dam and fawn behavioral patterns from all 
major habitat types, researchers can not go beyond describing 
the proximate causes of mortality to find an understanding of 
the ultimate causes. 
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APPENDIX; FAV7N CAPTURE RECORD 
Fawn Dam Capture Age at No. days 
No. No. date Sex Weight capture monitored Fate^ 
(kg) (days) 
101 009 6/03/80 F 4.8 3 144 1 
102 009 6/03/80 F 4.9 3 190 1 
103 NA2 6/03/80 M 4.1 3 27 3 
104 NA 6/10/80 F 4.8 3 54 2 
105 NA 6/13/80 M 4.4 3 59 1 
105 009 6/01/81 F 6.1 5 69 1 
107 028 6/02/81 M 7.8 8 82 3 
108 020 6/03/81 M 7.2 7 5 5 
109 002 6/03/81 M 6.1 4 131 4 
110 002 6/04/81 M 6.4 5 266 1 
111 015 6/06/81 M 3.5 1 193 1 
112 015 6/06/81 M 3.7 1 2 5 
113. 062 5/24/82 F 4.4 5 0 8 
114 028 5/26/82 M 4.4 4 140 3 
115 028 5/26/82 F 5.4 4 65 1 
^ Fates are collar breakaway or collar shed (1), signal 
failure (2), coyote kill (3), dog kill (4), nonpredator 
mortality (5), legal shotgun hunting season kill (6), 
suspected illegal kill (7), and death likely due to handling 
(8). Handling deaths were not used in the mortality analysis. 
^ Doe not radio-collared. 
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124 
125 
125 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
1 
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8 
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3 
3 
1 
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4 
1 
1 
3 
1 
1 
4 
1 
1 
1 
1 
1 
3 
3 
6 
2 
1 
149 
049 5/26/82 M 6.3 4 72 
049 5/26/82 M 3.3 4 79 
002 5/28/82 M 4.3 3 0 
039 5/29/82 F 4.3 4 138 
057 5/30/82 M C
O 
5 110 
057 5/30/82 M 4.8 5 192 
060 5/31/82 F 4.6 4 150 
009 6/01/82 F 4.0 4 149 
044 6/01/82 M 5.2 6 24 
041 6/02/82 M 4.9 5 94 
041 6/02/82 M 4.7 5 104 
022 6/03/82 M 4.7 6 5 
060 6/03/82 M 7.0 7 285 
034 6/05/82 M 5.2 4 95 
053 6/05/82 F 7.8 8 79 
015 6/06/82 M 7.4 7 282 
047 6/07/82 M 4.4 4 93 
056 5/08/82 M 5.8 6 88 
NA 6/22/82 M 4.0 3 37 
040 6/25/82 F 6.3 6 1 
040 6/28/82 M 7.0 9 33 
062 5/21/83 M 4.0 2 3 
062 5/21/83 F 4.2 2 199 
020 5/26/83 M 4.7 6 432 
020 5/26/83 M 6.4 6 127 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
1 
1 
1 
6 
1 
1 
2 
7 
2 
1 
1 
7 
1 
1 
7 
5 
1 
1 
150 
053 5/28/83 M 3.8 2 184 
053 5/28/83 M 3.7 2 147 
053 5/28/83 F 3.1 2 173 
028 5/30/83 M 5.4 4 190 
NA 5/30/83 F 4.5 3 366 
NA 5/30/83 M 6.2 6 182 
002 5/31/83 F 5.2 4 432 
057 6/01/83 F 4 193 
040 5/01/83 M 3.2 2 355 
040 6/01/83 F 3.7 2 127 
034 5/01/83 F 4.8 3 127 
034 6/01/83 M 4.5 3 193 
049 5/02/83 M — 6 149 
009 6/02/83 M 4.5 3 224 
050 5/02/83 M 5.2 3 187 
050 5/02/83 F 5.0 3 11 
015 6/04/83 F 5.1 3 140 
015 5/04/83 M 4.7 3 178 
